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20.  Abstract,  continued. 

-  'Buhne  Point  Is  1ocated>about  250  air  miles  north  of  San  Francisco,  on 
r  -  the  east  shore  of  Humboldt  Bay ,  -Humbol dt  County  ,- California.  A  natural 
sand  spit  was  located  on  the  western  face  of  the  point,  but  the  area  lies 
directly  in  line  with  wind  and  waves  entering  Humboldt  Bay  from  the 
Pacific  Ocean.  Reports  of  erosion  there  have  been  recorded  since  the 
mid-19th  century.  By  the  late  1970s,  erosion  had  become  so  severe  that 
the  beach  had  disappeared,  and  the  shoreline  had  eroded  back  to  the 
roadway,  threatening  the  road  and  underground  water,  gas  and  sanitary 
sewer  lines.  Storm  waves  10'  In  height  are  common,  and  were  sending  rock 
flying  across  the  road  and  against  adjacent  homes  of  the  community  of 
King  Salmon.  77  f.-;  Ji'y  _<i.  -  —  -  g  ) 

In  1982,  Congress  included  the  area  in  an  authorization  td  the 
Federal  Highway  Administration  to  undertake  a  demonstration  project  to 
apply  "state-of-the-art  methods  for  repairing  damage  to  highways  and 
preventing  damage  to  highways  resulting  from  shoreline  erosion."  A 
four-year,  four-phase  program  was  Implemented,  and  is  described  in  this 
final  report. 

The  First  Phase  consisted  of  designing  and  constructing  a  1,250' 
timber  groin  and  a  200'  long  rubble-mound  head  to  prevent  sand  from  being 
transported  south,  downcoast. 

Phase  II  consisted  of  placing  600,000  yds^  of  fine -to -medium  grain 
sand  to  reform  the  almost -24-acre  beach. 

In  Phase  III,  a  1,050'  shore-connected,  rubble-mound  breakwater  was 
constructed  on  the  northerly  face  of  the  beach.  The  Phase  I  timber  groin 
and  breakwater  was  given  an  additional  425'  arched  extension. 

Phase  IV  consisted  of  vegetating  the  sandfill  with  native  plants. 
The  vegetation  program  included  experimental  collecting  and  growing  of  20 
different  native  and  naturalized  species  for  a  two-year  period,  and  then 
extensive  plantings  and  monitoring. 
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PREFACE 


The  Buhne  Spit/King  Salman  area,  located  within  Humboldt  L'av 
easterly  of  the  entrance  channel  jetties  of  the  bay,  has  had 
a  serious  erosion  problem  -for  the  last  decade.  T.ne 
Department  of  Boating  and  Waterways,  Beach  Erosion  Branch, 
was  asked  by  Humboldt  Bay  Harbor,  Recreation  and  Conservation 
District  to  design  a  project  to  mitigate  shoreline  erosion 
and  reduce  the  shoaling  of  Fishermans  Channel. 

We  have  reviewed  all  prior  reports  written  by  the  U.  S.  Army 
Corps  of  Engineers,  historical  literature,  maps,  and  other 
data  collected  in  the  vicinity  of  Buhne  Spit.  We 
compiled  a  data  and  information  base  that  would  cive  us 
insight  into  the  environmental  and  climatological  factors 
that  have  a  direct  affect  on  the  shoreline  erosion  within  the 
area  of  study. 

Presented  in  this  design  study  is  a  compilation  of  the  data 
and  information  applicable  to  the  Buhne  Spit  erosion  area 
which  aided  our  staff  in  the  development  of  numerous 
conceptual  designs.  These  alternative  designs  war o  evaluate 
by  a  numerical  process  to  pic!,  what  we  feel  is  the  best,  mos 
efficient  and  least  costly  project  to  provide  shoreline 
protection  to  the  Buhne  Spit  area  for  several  decades. 

Excellent  assistance  and  technical  information  was  obtained 
from  the  Humboldt  County  Department  Qf  Natural  Resources  and 
the  U.  S.  Army  Corps  of  Engineers.  Without  their  help,  it 
would  have  been  necessary  to  collect  additional  engi  neer  r.g 
and  environmental  data  which  would  have  resulted  in  additional 
design  time  and  increased  time  to  the  project.  We  have  also 
received  keen  cooperation  from  the  U.  S.  Army  Corps  of 
Engineers  who  have  agreed  to  place  their  channel  maintenance 
dredge  spoils  within  our  project  area  to  rebuild  the  spit  to 
its  1955  area. 
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ABSTRACT 


The  Department  of  Boating  and  Waterways  along  with  the  U.  S. 
Army  Corps  of  Engineers  have  been  studying  the  shoreline 
problems  along  Buhne  Spit  in  Humboldt  Bay  since  the  early 
19£>0’s.  The  results  of  our  combined  studies  indicate  that 
there  is  a  severe  erosion  problem  on  the  spit  with  continuing 
shoreline  retreat.  Without  the  construction  of  some  type  of 
groin  system  or  other  shore  protection  configuration 
continued  erosion  is  inevitable.  Erosion  has  already 
progressed  to  a  point  where  Buhne  Point  Drive  and  extensive 
underground  public  utilities  are  in  immediate  danger.  A 
permanent  shore  protection  project  must  be  constructed  scon 
if  these  facilities  are  to  be  preserved. 

This  design  study  investigates  several  combinations  of  shore 
protection  conf i gur ati ons  that  can  be  utilized  to  prevent 
continuing  erosion  of  Buhne  Spit  and  recreate  the  spit  to  its 
area  in  1955. 

A  1000-1400  foot  groin  constructed  of  H-Beam  Pile  with  timber 
lagging  between  the  piles,  a  rock  reveted  bayward  end  and  a 
400  foot  rod  rubble— nound  offshore  breakwater  with  a  sand 
filled  pocket  is  the  least  expensive  and  most  cost 
effective  solution  to  the  problem.  This  project,  exclusive 
of  sand  fill,  will  cost  about  9640,000.  The  project 
including  sand  fill  to  form  the  protective  beach  is  estimated 
to  cost  about  *1,700,000. 

The  proposed  project  with  groin  and  offshore  breakwater  is 
considered  to  be  Phase  I  of  the  project.  Phase  II  of  the 
project,  the  filling  of  the  groin  pocket  with  sand  would  be 
accomplished  during  the  periodic  maintenance  dredging  of 
Humboldt  Bay’s  navigation  channels  by  the  U.  S.  Army  Corps  of 
Engineers.  Subsequent  lengthening  of  the  groin  after 
monitoring  the  project  through  several  winter  storms  would  be 
Phase  III.  Construction  funding  for  the  project  would  be  by 
a  combination  of  State-Local  or  State-Local -Federal  funds. 
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PROJECT  LOCATION 


BUHNE  SPIT/KING  SALMON  SHORE  PROTECTION  PROJECT 


PURPOSE  AND  APPROACH 

The  purpose  of  the  Buhne  Point/King  Sal  non  Der.ign  Study  was 
to  devise  a  method  tor  long-term  control  of  erosion  problems 
which  have  eliminated  Buhne  Spit  and  which  now  threaten  Buhne 
Point  Drive  and  the  residences  shoreward  of  the  road  in  the 
King  Salmon  area  located  on  Humboldt  Bay  in  Humboldt  County. 

As  an  initial  phase  of  this  design  study,  an  analysis  of  the 
alternative  erosion  control  methods  was  conducted.  The 
approach  to  alternative  design  analysis  included  the 
following  steps: 

a.  Define  the  erosional  problem  on  Buhne  Spit  by  review 
and  analy'sis  of  existing  data  and  past  reports. 

b.  Develop  specific  goals  and  constraints  as  a  basis 
for  analyzing  and  comparing  alternative  designs  for 
erosion  protection. 

c.  Determine  the  functional  effectiveness,  advantages, 
disdvantages  and  estimated  cost  for  each  alternative. 

d.  Compare  the  alternatives  against  the  specific 
project  needs  and  select  the  best  method  for  long¬ 
term  erosion  control. 

DESIGN  STUDY  SCOPE 

A  total  of  twelve  alternative  beach  erosion  control  plans 
were  analyzed  to  determine  their  effectiveness  and 
acceptabi 1 i ty  in  reducing  erosion  in  the  Buhne  Spit/King 
Salmon  area.  Preliminary  screening  was  used  to  eliminate 
less  practical  and  costly  plans.  Four  of  the  alternatives 
met  the  functional,  economic  and  environmental  criteria  when' 
compared  against  specific  project  design  goals  and 
constraints.  This  final  selection  analysis  determined  tho 
alternative  recommended  for  detailed  engineering,  final 
design  and  future  construction. 


DESCRIPTION  OF  AREA 

Buhne  Point  -is  located  aPout  3  miles  south  of  the  City  of 
Eure!  a  and  is  opposite  the  jettied  entrance  to  Humbol dt  Bay. 
King  Salmon  Harbor  (Fisherman’s  Channel)  was  developed 
shoreward  of  Buhne  Spit  on  what  was  previously  a  dredge  spoil 
area.  The  area  is  now  a  small  fishing  village, 
campi  ng/r  ecre-t  t  i  on  site  and  a  home  for  retired  persons.  The 
highest  point  on  Buhne  Spit  Shoal  is  about  8-10  feet  above 
the  mean  '.cu  r  1  oi  water  datum  (MLL'D 


LOCATION  MAP 


-4- 


juncture  c.rf  tilt  shoal  and  the  Fields  Landing  Cnannel  fcayr.i  dc- 
cc>  3uhnc  Point.  The  shore. ina  between  Buhne  Point  and  the 
Ell:  River  Spit  is  protected  by  stone  revetment.  Buhne  Point 
Drive,  the  bayside  boundary  between  the  shoal  and  King  Salmon, 
is  ths  main  transportati on  lint  to  the  area.  lha  road  also 
carries  a.ll  the  underground  utilities  including  the  main 
sanitary  sewer  line.  The  road  has  been  protected  by 

emergency  placement  of  rock  along  its  entire  length  from 
Buhne  Point  to  the  Fields  Landing  Channel.  The  existing  rock 
protection  is  inadequate  and  erosion  and  undermining  of  the 
roadway  continues. 


The  entrance  to  PB&E’s  cooling  water  intake  channel 
(Fisherman's  Channel)  is  located  southeasterly  of  King  Salmon 
Harbor  where  it  confluences  with  the  Fields  Landing  Channel. 
The  cooling  water  intake  channel  also  serves  as  the  harbor 
entrance  to  King  Salmon  and  is  the  berthing  area  for  the 
deeper  draft  boats  moored  within/along  the  channel.  Shoaling 
caused  by  sand  transport  off  Buhne  Spit  shoal  has  closed  the 
channel  entrance  numerous  times  during  the  past  few  years 
blocking  the  channel  for  boat  entrance/exit  and  safe  mooring. 
This  severe  shoaling  situation  has  also  reduced  the  capacity 
of  the  cooling  water  intake  channel  supplying  PG&E’s  steam 
power  plant.  Continuous  dredging  at  the  entrance  and  along 
the  channel  has  been  the  short-term  solution  to  provide 
adequate  cooling  water  and  access  to  King  Salmon  Harbor. 

STATEMENT  OF  PROBLEM 


Durir.q  the  past  decade  the  Buhne  Spit  shoal  has  eroded  away 
at  an  accelerated  rate  due  to  a  redirection  of  the  waves  that 
enter  Humboldt  Bay  through  the  entrance  channel. 
Modifications  on  the  bayside  of  the  south  channel  jetty  have 
generated  an  additional  refracted  wave  train  that  commingles 
with  the  main  waves  that  are  transmitted  through  the  entrance 
channel.  Local  observers  believe  that  this  modi f icati has 
shifted  the  focus  of  the  waves  southwesterly  toward  Buhne 
Point  from  its  previous  location  northeast  of  PG&E’s  steam 
power  plant  and  along  the  Northwestern  Pacific  Railroad,  thus 
accelerating  sand  transport  along  the  shoal  and  into  Fields 
Landing  Channel  as  well  as  into  PG&E's  cooling  water 
i ntake/Fi shermen ' s  Channel.  The  Department’s  assessment  of 
the  present  sand  transport  system  at  Buhne  Spit  shoal  is  that 
the  previous  unrt-f racted  wave  pattern  within  the  bay  carried 
sediment  along  the  spit  which  formed  a  point  bar  shoal  along 
the  navigation  channel.  The  sediment  eventually  was 
deposited  with.n  the  channel.  The  modification  of  the  south 
jetty  within  the  hay  generated  an  additional  wave  pattern 
that  passes  through  the  main  wave  with  a  slight  change  in 
directin'.,  rounds  off  the  shoal  a.rid  transports  sand  directly 
inv.o  the  r.  .vi  gst;on  channel,  then  down  the  edge  of  ths 
channel  inco  Fisherman's  Channel  creating  a  shoal. 
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During  th:.  ue.-idd  fruit  197/  tc  date,  the  shoal  has  eroded 
ato-y  LD.it!:w-:'-.t  -r!y  alone  f'uhir  Poin:  Drive  in  the  King  Salmon 
area.  The  cnral  has  1  ox:*.- eri  3-1?  -feet  along  the  road  str-.i  is 
scnureJ  to  ti . a  hay  mat!  .  sun da  lion  material  along  its  entire 
length.  There  is  a  very  ssi'I!  shoal  between  Halibut  Avenue 
and  the  ship  ch.-nne!  that  is  above  mean  lever  low  water.  To 
protect  B.  hoe  Point  Drive  a:.d  the  underlying  utilities 
(consisting  of  water  lines,  natural  gas  lines  and  the  main 
sanitary  sewer  line)  from  destruction.  Humboldt  County  has 
"eveted  the  aavsido  of  the  road  with  large  rock.  The 
energenc v  r  ed  revetment  has.  protected  the  roadway  during 
recent  storms  but  was  not  designed  as  a  permanent  structure 
to  withstand  large  breaking  waives.  Consequently,  during  all 
subsequent  severe  storms,  the  revetment  has  been  overtopped 
by  waves.  Smaller  rocks  from  the  revetment  have  been  carried 
onto  the  roadway  and  cascaded  into  nearby  homes,  breaking 
windows  and  causing  minor  structural  damage.  The  revetment 
has  settled  and  also  unravelled  at  numerous  locations.  Buhne 
Point  Road  has  been  undermined  by  wave  wash-through  and  has 
collapsed  at  numerous  locations.  The  above  conditions  have 
created  an  extreme  safety  hazard  during  moderate  large  storm 
wave  conditions.  It  is  a  matter  of  time  until  one  of  the 
large  rocks  on  the  revetment  is  dislodged  and  rolls/tumbles 
onto  the  roadway,  blocking  access  to  King  Salmon  for 
emergency  vehicles  and  the  public.  The  present  condition  can 
only  grow  worse  as  the  remaining  sand  spit  recedes 
horizontally  and  vertically  allowing  larger  and  larger  waves 
to  break  further  up  onto  the  rock  revetment. 

PROPOSED  PROJECT 

The  proposed  project  consists  of  a  1C00  to  1400-foot  groin 
constructed  of  H-Be3m  Piles  with  timber  lagging  between  the 
piles  with  a  rock  reveted  bayt-urd  end  arid  a  400-foot  rock 
rubble  mound  offshore  breakwater  as  shown  on  Figure  3.  The 
groin  follow?.  an  alignment  parallel  to  the  Fields  Landing 
Channel  from  the  southwest  end  of  Buhne  Point  Drive  near  the 
-htersection  of  Halibut  Avenue.  The  offshore  rock  rubble 
mound  breakwater  will  be  constructed  parallel  to  the  shore 
about  250  feet  bayward  of  the  intersection  of  Buhne  Point 
Road  and  Herring  Avenue,  extending  northeasterly  to  the 
Eureka  Sh i pbui 1 der s  Incorporated/Paci f ic  Gas  and  Electric 
Company  common  boundary  line.  The  long  groin  will  provide  a 
downcoast  impervious  barrier  to  reduce  sand  transport  into 
Fisherman's  Channel /FG?<E’ s  cooling  water  intake  channel  and 
at  the  same  time  accumulate  sand  to  rebuild  the  shoal.  The 
offshore  break  water  will  provide  a  sheltered  region  shoreward 
of  the  structure  that  will  reduce  sand  transport  and  build 
out  a  protective  beach  from  Buhne  Point  Drive.  Both 
structures  wi  1  function  as  barriers  to  retain  sand  to  build 
out  a  wide  [n  et  a:ti  ve  beach  along  the-  existing  rock  revetment 
whirl  parallels  Hum. 3  Point  Drive.  Th'S  groin  pockets  formed 
■i ;  the  t.i'i  structures  will  be  filled  with  sand  and  dredae 
spoil:.  from  the  IJ.  S.  Army  Cor  ps  of  Engineers  mar  be1- 
m  •*  lit  e-:  i  anr  e  dredging.  With  the  use  of  these  dredge  spoils 


and  other  imported  sand  Buhne  Spit  ran  be  r  scon  struct  s-d  to 
its  area  that  existed  in  1955. 

This  project  is  designed  to  restore  Buhne  Spit  shoal  to  its 
1955  area  and  provide  an  interim  project  tor  shore  protection 
until  the  Corps  ot"  Engineers  constructs  the  project  proposed 
in  House  Document  No.  232,  85th  Congress,  2nd  Session. 

BENEFITS 

The  proposed  groin  and  offshore  breakwater  project  and 
anticipated  dredge  spoil  sand  -from  the  U.  S.  Army  Corps  of 
Engineers  maintenance  dredging  from  the  Fields  Landing 
Channel  will  restore  a  protect! ve/recreation  beach  on  Buhne 
Spit.  The  project  will  protect  the  adjacent  recreation  area 
and  residences  along  Buhne  Point  Drive  from  wave  damage,  and 
maintain  accessibi 1 ity  to  the  public,  emergency  vehicles  and 
county  maintenance  crews  during  severe  high  wave  conditions. 
Additionally,  the  project  will  protect  the  road  and 
underlying  public  utilities  from  wave  damage  due  to  the 
extreme  erosion  of  the  low  spit  upon  which  they  are  located. 


CLIMATOLOGICAL  FACTORS 

STORMS 

The  Pacific  ucean  area  in  the  vicinity  of  Humboldt  Bay  is 
subject  to  storms  accompanied  by  high  waves  during  the  winter 
months.  Data  are  available  regarding  the  duration, 
frequency,  or  intensity  of  storms  from  "Winds  of  California" 
and  "Wind  Storms  in  California".  Wind  data  contained  in  these 
publications  indicate  that  wirds  with  velocities  of  40  miles 
per  hour  or  greater  generally  occur  from  the  southwest  and 
south.  The  greatest  wind  velocity  of  record  is  56  miles  per 
hour.  Information  furnished  to  USCE  by  local  residents  and 
by  officials  of  the  Northwestern  Pacific  Railroad  Company 
indicates  that,  during  storms  occurring  at  the  time  of 
high  tides,  waves  break  on  and  overtop  the  revetment 
bordering  the  railroad  right-of-way  north  of  Buhne  Point. 
Also,  at  such  times,  waves  inundate  and  wash  out  sections  of 
Buhne  Point  Drive,  the  only  access  road  to  the  King  Salmon 
area  on  Buhne  Spit.  Such  storms  are  reported  to  occur  about 
10  times  each  year.  Although  these  storms  cause  no  serious 
structural  damage,  railroad  officials  state  that  railroad 
operations  are  suspended,  on  the  average  of  about  4  hours 
during  each  storm,  in  order  to  clear  the  tracks  of  sand  and 
rocks  depos.  ed  by  waves  overtopping  the  existing  structures. 
Thus,  railroad  operations  are  interrupted  about  40  hours 
annual  1 y . 

TIDAL  DATA 

Tidal  data  obtained  at  the  ncrth  jetty  of  Humboldt  Bay, 
which  are  considered  to  be  representative  of  tidal  conditions 
in  the  study  area,  are  summarized  below.  The  data, 
abstracted  from  National  Ocean  Surveys  publ i cations.  Tidal 
Bench  Mark,  Part  1,  Northern  California,  are  based  on  11  1/2 
months  of  automatic  tide-gaging  records  (October  1940  to 
March  1941  and  June  to  December  1962)  reduced  to  mean 
values.  Unless  otherwise  noted,  elevations  in  this  report 
refer  to  the  plane  of  mean  lower  low  water  (MLLW) . 

TIDAL  DATA,  NORTH  JETTY,  HUMBOLDT  BAY 


Feet  ( MLLW  >  Feet  (NGVD) 


estimated  Hignest  Water  Level 

9.50 

6.  16 

Mean  Higher  High  Water 

6.  7C 

3.3  6 

Mean  High  Water 

6.00 

2.66 

Moan  Tide  Level 

3.  60 

0.26 

Mean  Sea  Level  (NGVD' 

T-  .  O  T 

0.00 

Mean.  Lew  Water 

: .  20 ' 

-2.  14 

Mean  L  ower  Lctw  ,,.t  Tpr 

o.  oo 

-3.34 

!  r.Limc.tec  :  ao> i  Water  Level 

-3.  00 

-6.  34 
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Figure  4.  Typical  Wave  Pattern 


WINDS 


Wind  chars  . It- .-i  sties  in  the  !  uhne  Point  ares  were  assume--  to 
De  B2 mi  1 ar  Lc  those  tor  the  city  of  Eureka  to-  which  wind 
records  are  available.  Data  obtained  by  the  Uiited  Stales 
Weather  Bureau  station  at  Eureka  covering  the  period  July 
1 939  tc  Dsce.iber  1  ?42  and  at  the  Humboldt  Bay  Power  Plant 
from  January  1966  to  Decec.be'  1966  were  used  to  prepare  the 
wind  di a gram  shown  on  Plcte  I  .  The  available  data  indicate 
that  during  the  greater  part  of  the  year  the  prevailing  winds 
are  from  the  north  and  northwest  and  have  velocities  ranging 
from  4  to  15  miles  per  hour .  However,  the  climatological 
summary  given  on  Table  1  indicates  that  the  prevailing 
direction  erf  trie  wind  shifts  seasonally. 

TABLE  1 


MONTHLY  AVERAGE  AND  MAXIMUM  WINDS 


MONTH 

MEAN 

WIND  SPEED 

PREVAILING 

MAXIMUM 

WIND  SPEED 

<MPH) 

DIRECTION 

<MPH> 

DIRECTION 

JAN 

6.9 

SE 

54 

S 

FEB 

7.2 

SE 

48 

SW 

MAR 

7.6 

N 

48 

SW 

APR 

8.  0 

N 

49 

N 

MAY 

7.9 

N 

40 

NW 

JUN 

7.4 

N 

39 

NW 

JUL 

6.8 

N 

35 

N 

AU3 

5.8 

NW 

34 

N 

SCP 

5.5 

N 

44 

N 

OCT 

5.6 

N 

56 

SW 

NOV 

6.0 

SE 

43 

S 

DEC 

6.4 

SE 

56 

s 

ANNUAL 

6.8 

N 

56 

sw 

LENGTH 

OF 

RECORD 

(YRS) 

54 

54 

67 

67 

WAVES 

No  statistical  data  are  available  for  wave  conditions 
within  Humboldt  Bay.  Insofar  as  wind  waves  within  the  bay 
are  concerned,  the  critical  direction  of  wave  approach  in 
the  problem  area  is  from  the  southwest,  for  which  direction 
the  fetch  is  maximum.  Based  on  the  maximum  wind  record  from 
this  direction  <56  miles  per  hour)  and  the  assumption  that 
the  duration  of  the  wind  was  sufficient  for  maximum  wind 
n=.'e  generation,  it  is  estimated  that  the  maximum  wind 
waves  generated  would  have  had  a  significant  height  of 
.»bout  3  fe-L  end  a  period  of  3  seconds.  Based  on  the 

hist  or  i  c 1  -ecord,  wind  waves  of  this  height  are  rare 
occurrerir.es.  However,  the  area  under  investigation  is 
exposed  to  wave,  generated  in  the  Pacific  Ocean  that  enter 
the  bay  througn  the  jettied  entrance.  The  relative 

alignment  of  the  eitrance  and  the  eastern  shore  of  the  bay 
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is  such  that  all  saves  entering  the  bay  impinge  on  the  shore 
in  the  study  area.  Although  the  seaward  end  of  the  jettied 
entrance  is  exposed  to  high  waves,  the  height  of  waves 
reaching  the  eastern  shore  is  controlled  by  the  available 
depth  of  water  over  the  two  shoal  areas  nea1'  the  bayuard  end 
of  the  jetties  and  by  the  shallow  water  in  the  study  area.  At 
extreme  high  tide  (9.5  feet  above  mean  lower  low  water),  the 
controlling  depth  over  the  shoals  near  the  jetties  is  about 
25  feet.  Thus,  only  waves  of  about  18  feet  or  less  in 
height  can  enter  the  bay  without  breaking  on  the  shoal. 
Entering  waves  less  than  18  feet  would  cross  the  bay  and 
break  at  varying  distances  from  the  shoreline,  depending 
upon  their  initial  height.  (For  example,  neglecting  the 
effect  of  refraction  and  diffraction,  a  15  foot  wave  would 
break  at  about  the  10  foot  depth  contour  during  a  9.5  foot 
high  tide.)  After  breaking,  the  wave  would  reform  and 
continue  on  to  shore.  Local  residents  report  that  waves 
about  6  feet  high  break  directly  on  shore  in  the  problem  area 
when  high  waves  enter  the  bay  at  high  tide.  Wave  analysis 
Made  by  USCE  in  connection  with  their  previous  report  also 
indicate  that  breakers  6  feet  high  can  reach  shore. 

HAVE'S  WITHIN  BAY.  USCE  used  available  aerial  photographs  of 
waves  entering  the  bay  to  show  that  the  waves  diffract  and 
fan  out  so  that  the  wave  crests  increase  in  length  with 
increasing  distance  from  the  bayward  end  of  the  entrance 
channel.  Measurements  made  from  aerial  photographs  taken  by 
USCE  during  the  occurrences  of  high  waves  in  the  Pacific 
Ocean  and  at  times  when  waves  were  breaking  upon  the  shoal 
area  near  the  jetties  indicate  that  the  wave  length  averaged 
about  80  feet  at  a  point  about  2,400  feet  from  the  Buhnt? 
Point  shore  at  a  water  depth  of  10  feet.  The  effective 
period  of  these  waves  would  be  about  5-seconds.  Aerial 
photographs  also  show  that  waves  impinge  on  Buhne  Point  in  a 
manner  likely  to  cause  littoral  movement  both  to  the  north 
and  to  the  south  of  the  point.  Typical  wave  patterns  within 
the  bay  approaching  Buhne  Spit  transferred  from  historical 
aerial  photographs  are  shown  on  Figure  4. 

OFFSHORE  HAVES.  A  study  of  wave  action  in  the  vicinity  of 
the  Humboldt  Bay  jetties  was  made  by  the  USCE  for  a  survey 
report  "Humboldt  Bay-1950"  using  refraction  diagrams.  The 
characteristics  of  the  waves  used  for  the  diagrams  were  for 
4MVCS  occurring  most  frequently  as  shown  in  the  Scripps 
Institution  of  Oceanography  "Wave  Report  No.  68”.  The 
diagrams  were  constructed  for  existing  conditions  of  the 
bar  seaward  of  the  jetties  and  assumed  a  condition  in 
which  the  depths  over  the  bar  and  areas  adjacent  to  it  were 
increased  to  40  feet.  Their  refraction  diagrams  indicated 
that,  for  1 950  conditions,  waves  were  affected  by  the  sen.warc 
submarine  slope  of  the  bar  which  caused  some  convergence  to 
occur  before  the  waves  reached  and/or  passed  over  the  bar 
crest.  The  crest  of  the  bar  produced  additional  convergence 
so  that  waves  either  broke  on  the  bar  or  advanced  toward  the 
jettied  entrance  consi der sbl v  higher  than  waves  in  compa'fble 
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i't-r.tl-.s  ol  :.D.;tu  re.  The  JSCE  e  .'r  action  il.j!)  *AC.r.  =.  s:  indicate 
waves  advancing  f  -  or  s>iv  i!ii  e^tiu.i  so-.  of  west  - 

north. .fest  will  ter,c  to  pr educe  upcoasi  lift  ->ral  s'."  i  •:  t  along 
the  south  and  north  spi  ts. 

Haves  i-aln  a  height  of  10  feet  or  greats:-,  octtirr  ing  rest 
frequently  in  the  Pacific  Ocean  in  the  vicinity  of  Humboldt 
Bay,  have  an  average  period  of  9  seconds.  this  period 
over  the  bar  ,  assumed  as  20  feet,  has  little  effect  or.  the 
nave  height  so  that  the  effect  of  refraction  determines  the 
height  of  waves  seaward  of  the  jetties.  Waves  having  a 
period  of  from  12  seconds  to  16  seconds  are  increased  in 
height  from  15  percent  to  30  percent,  respectively,  by  the 
bar.  This  increase  is  in  addition  to  the  effect  of  USCE’s 
comparisons  of  the  refraction  diagrams  constructed  for 
conditions  existing  during  their  survey  report  study  period 
with  those  drawn  for  an  assumed  depth  of  40  feet  over  the 
bar  and  indicated  that  no  appreciable  reduction  in  the 

height  of  9  second  waves  would  occur  with  an  increase  in 
depth  over  the  bar.  The  reason  '-or  this  assumption  by 
USCE  is  that  the  seaward  slope  of  the  bar,  in  depths 
greater  than  40  feet, caused  wave  convergence  before  the  40 
foot  depth  is  reached.  However,  the  increase  in  depth 

would  permit  practically  all  9  second  waves  from  the 
northwest  and  the  west  to  pass  over  the  bar  without 
breaking.  Present  depths  over  the  bar  cause  northwest  waves 
and  west  waves  to  break  when  the  deep-water  wave  height  is 
at  out  12  to  15  feet.  For  waves  with  periods  of  32  seconds  or 
greater,  the  USCE  comparison  indicated  that  a  bar  depth,  of 
40  feet  would  result  in  a  decrease  in  wave  height  in  the 
vicinity  of  the  entrance  channel.  For  example.  a  12  second 
wave  from  the  northwest  breaks  on  the  bar  when  the  deep¬ 
water  wave  height  is  about  9  feet  or  greater.  l*Jhen  the  depth 
ever  the  bar  is  increased  to  40  feet,  12  second  nortwesi 
waves  do  not  break  on  the  bar.  USCE  indicated  that  thsss 
waves  are  reduced  in  height  about  12  percent  at  the  bar  and 
about  7  percent  near  the  jetties. 

WAVE  STATISTICS.  The  Department  of  Boating  and  Waterways  has 
compiled  wave  statistics  from  the  California  Coastal  Data 
Program  (CCDP) .  Humboldt  Bay  wave  rider  (Inner)  buoy  and  the 
California  Deep-Water  Wave  Statistics  (Station  2.’  (CDWS)  to 
compare  the  occurrence  and  frequency  of  ocean  waves  near  the 
entrance  to  Humboldt  Bay  as  shown  in  Table  2.  The  California 
Coastal  Data  Program  buoy  was  in  operation  for  15  months  arid 
can  only  be  used  for  a  general  comparison  against  the  25  year 
record  of  the  deep-water  statistics.  CCDP  indicated  that, 
22.  ill  of  the  tine  waves  with  i-  significant  height  of  4  -6  feet 
occurred,  compared  with  CDWS  where  waves  with  a  significant 
h--i  ght  of  4 . 9— 6 .  b  feot  occur  red  27. 3X  of  the  time.  The  major 
i  }  ve  activity  ccetr.  r  .  cd  between  periods  .  4—6  to  i.- B  seconds, 

-k  significant  heights  between  1.6  to  6.5  oct,  comprising 
v  -v  percent  cd  s  he  time.  These  waves,  can  nass  througi  tne 
rt.r.boidt  Ba-.  encrar.rs  icttie'"  arc!  us  the  -dominant  sediment 
t  anr.port  v .  i  ic’c.  -1  .-  r-vit-i*.  of  the  wave  statistics  compiled 


-15- 


TABLE  2 


CALIFORNIA  COASTAL  DATA  PROGRAM 
Humboldt  Bay  Wave  Rider  (I.iner) 


Number  Of  Days  in  Month  That  Significant  Wave  Height  *1  lB'Feot 
Wave  Height-  -  -  Total 

YEAR  1931  YEAR  1932  Dec’s 

(Feet)  -JAN  FEB  MAR  APR  MAY  JUN  JUL  AUG  OCT  NOV  JAN  FtB  MAR  APR  MAY  (Days) 


18  + 
16-10 
14-16 
12-14 
10-12 

3- 10 
6-0 

4- 6 


0-2 


0 

0 

14 


1 


1 


4 
6 

5 


4 

9 

6 

4 


7 

1 1 


12 


7 

2 


4 

10 


1 

1 


8  5 

13  12 

10  4 

1 


6 

4 

4 


1 

1 


1 

4 

4 

7 

9 


0 


1 


9 

6 

0 


4 

4 

16 


46 

57 

37 


2? 


Total 


31  28  31 

*  Gage  not 


51 


51 


31  31 


recording  part  of  month 


24  30  5 1 


DEEP-WATER  WAVE  STATISTICS 
of  the 

CALIFORNIA  COAST— STAT ION  2 
January  1951-1974 

'PERIOD  FREQUENCY  OF  OCCURRENCE  DISTRIBUTION 
COMBINED  SEA/SWELL 


WAVE  PEROID 
(Seconds) 
WAVE  HEIGHT 
(Feet ) 
23.0-  ♦ 
19.7-23.0 
16.4-19. 7 
13. 1-16.4 
9.3-13. 1 

8.2- 09.8 
6.6-08- 2 
4.9-06.6 

3. 3- 04.9 
1.6-03.3 
U. 0-01 .6 

TOTAL 


4-6  6-8 


114 

.289 
13  493 

372  49? 

934  329 

683  231 

10  75 

2012  2031 


8-10 

io-i: 

- 

17 

i'? 

38 

1  12 

7 

220 

:a 

34 

38 

107 

37 

1  35 

07 

169 

121 

1  15 

1  !  1 

31 

16 

942 

512 

12-14  1416 


1m 


1  7 

IS  ? 

41  14 

64  62 

1U8  147 

2  70  55 

63  15 

700  314 


TOTAL 
16+  OCC’S 


14 
19 
64 
1  40 

3  402 

6  394 

21  726 

33  125/ 

21  190? 

4  1469 

3  213 

96  660/ 
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by  Marine  Consultants  <MC)  for  the  sane  station  as  CDW3 
indicated  waves  with  a;  significant  height  between  1  to  4.9 
feet  occurred  60X  of  the  time.  Table  3  below  compares  the 
three-  statistical  bases  for  offshore  deep-water  combined 
sfer.'swel  1  waves  in  the  ,':cin:tr'  of  Humboldt  Pay. 

TABLE  3 


DEEP-WATER  WAVE  STATISTICS  COMPARISON 
COMBINED  SEA/SWELL 

Occurrence  percent  of  time 


HEIGHT 

CDWS 

CCDP 

MC 

(Feet  > 

0-2 

7.0 

7.  1 

27.2 

2-4 

15.2 

12.7 

24.5 

4-6 

25.  S 

22.  6 

18.5 

6-8 

03  — ■ 

21.2 

lO.  1 

S- 10 

8.5 

13.9 

6.  0 

The  above 

com.par  i  son  indicates 

that  the  CDWS 

and  CCDP 

have 

very  close 

correlation  with  wave 

heights  between  0  to  6 

feet 

and  that 

the  M'3  statistical  det 

a  for  combined 

sea/swei 1 

does 

not  compare  to  CDWS  or  CCDP  until  the  8  to  10  foot  wave 
height.  This  would  indicate  that  CDWS  and  CCDP  should  be 
used  for  sediment  transport  within  the  bay.  assuming  that 
these  waves  would  pass  through  the  jetties  and  reach  Buhne 
Spit  without  break. rq  offshore  and  reforming. 


ENVIRONMENTAL  FACTORS  WITHIN  THE  BUHNE  POINT  AREA 


GEOMORPHOLDGY 

The  are;,  adjacent  to  Bunns  Point  is  composed  or  alluviu.’o- 
filled  valley  -floors  between  ridges  of  Pliocene-PJeistccene 
marine  sediments.  Inland  and  east  of  Buhne  Point  are  roc  s  of 
cne  Franciscan  formation.  The  bluff  area  at  Buhne  point  is 
part  of  the  Pliocene-Pleistocene  marine  deposits  and  is 
composed  of  interbedded  layers  of  medium  and  fine-grained, 
reddish  to  buff-colored  sandstone,  blue  clay  (Mud-rock)  and 
gravel.  The  material  comprising  the  bluff  is  relatively  soft 
and,  prior  to  the  construction  of  the  PG&E's  rock  revetment 
along  the  base  of  the  bluff,  mas  easily  eroded  by  wave  action. 
The  adjacent  low  land  to  the  north  and  east  of  the  bluff  at 
Buhne  F'cir.t  is  peaty  silt  underlain  by  sandy  silts  and  clay 
to  a  depth  averaging  about  10  feet  below  mean  lew or  lot; 
water.  The  bluff  at  Buhne  Point  is  probably  the  last 
remnant  of  a  more  extensive  series  of  beds,  which  once 
extended  over  the  area. 

Two  sandy  spits  are  located  in  the  vicinity  of  Buhne  Point. 

The  Elk  River  Spit  at  the  northern  end  of  the  area  is 

composed  of  fine,  cohesionless,  gray  sand  with  a  trace  of 
shell.  Additionally,  small  rounded  gravel  is  also  found  on 
Els  River  Spit.  The-  spit  has  an  average  height  of  about  17 
f oet  above  me; n  lower  low  water.  Buhna  Spit,  located  at  the 
southern  end  of  the  area,  projects  from  shore  at  the 
southwestern  end  of  Buhne  Point.  The  surface  material  of  the 
spit  consists  of  coarse  to  fine  sand,  gray  to  black  in  color, 
with  a  trace  of  -.hell.  Bunns-  Spit  has  an  average  height  c-f 
abort  16  feet  abo/e  mean  lower  low  water.  Over  the  pe-iod  of 
reccrd,  both  Buhne  Spit  and  Elk  River  Spit  have  undergone 
considerable  chance  with  respect  to  location.  Details 
regarding  changes  in  the  location  of  the  spit  are  given  in 
the  section  of  this  report  headed  "EROSION  BUHNE  SPIT'  and 
shown  cn  Plates  II  and  III. 

Samples  of  naterials  obtained  in  connection  with  the  US CE 
i  r.  ,-est  i  gat.i  ots  indicate  that  the  bottom,  material  in  tha  study 
area  consists  generally  of  cohesionless,  gray  tc  black- 
colored  sand,  ranging  in  size  from  very  fine  to  medium.  Ir. 

vicinity  c.f  the  juncture  of  Buhne  Point  and  Buhne  Spit, 

fi  e  tot* nr.  is.  &I  :.o  composed  of  bluish  clay,  clayey  silt, 

pieces  o*  ■-  . : ;  1  and  organic  material. 


WIND BORNE  TRANSPORT  OF  BEACH  MATERIAL 


There  is  no  evidence  of  Extensive  hindaome  tr  anspnr  t  c- 
beach  material  in  the  study  area.  However,  during  strong 
northerly  and  northwester  1  y  winds..  it  has  beer:  observed  than 
movement  o-f  sand  occurs  -from  the  north  spit  i  n  :c  the  jettied 
entrance  channel  nes1  the  root  of  the  north  jetty-  The  amount 
of  sand  moved  in  this  manner  is  uni  noun. 

CHARACTERISTICS  OF  LITTORAL  MATERIAL 

Samples  o-f  shore  and  bottom  materials  were  obtained  by  L'SCE 
from  the  Buhne  Spit-Elk  River  Spit  area  at  locations  shown  on 
Figure  2  in  Appendix  2  of  their  Buhne  Point  Study  1956  ( BPS > . 
Shore  samples  were  taken  at  mibtide  level,  appr ox i natel y  3.5 
feet  above  mean  lower  low  water,  and  bottom  samples  were 
taken  in  depths  of  6  feet  below  mean  lower  low  water.  The 
samples  were  analysed  for  grain  size.  Details  of  the 
analyses  are  contained  in  BPS  appendix  2. 

USCE  found  that  the  shore  materials  consisted  of  grayish- 
black  colored,  fine  and  medium  sands,  with  median  diameters 
ranging  from  0.20  millimeter  to  1.40  millimeters  and  sorting 
coefficients  ranging  from  1.24  to  3.34.  The  bottom  samples 
were  also  grayi sh-bl ack  in  color  and  consisted  principally  of 
fine  sand  having  median  diameters  ranging  from  0.22  to  0.25 
millimeter  and  sorting  coefficients  ranging  from  0.21  to  1.31 
Of  fear  bottom  samples  taken,  1  consisted  of  a  sandy  silt  or 
clay  with  a  median  diameter  and  sorting  coefficient  of  0.017 
and  3.74,  respectively. 


SUBSURFACE  MATERIALS 

For  the  USCE’s  Buhne  Point  Study,  1  boring  was  made  in  the 
Buhne  Faint  area  to  a  depth  of  34  feet  below  mean  lower  low 
water  at  the  location  shown  on  Figure  2  in  Appendix  2.  The 
boring  indicates  that  the  problem  area  was  underlain  by  a 
4.5  foot  layer  of  sand,  silt,  and  loose  sand  and  gravel 
extending  to  a  depth  of  about  3  feet  above  mean  lower  low 
water.  Below  this  elevation,  the  subsurface  material 

consists  of  a  gumbolike  clay  extending  to  9  feet  below  mean 
lower  ? ow  water.  Additional  borings  were  taken  by  USCE  alone 
the  Fields  Landing  Channel  in  July  1974  for  their  “Navigation 
Channel  Implementations  Study"  and  indicates  a  gray  silty 
clay  at  a  depth  of  29.5  feet  MLLW.  A  comparison  of  the  two 
borings  confirms  the  presence  of  a  sandy  silty  clay  below  any 
renaming  sand  on  Buhne  Spit. 


SOURCES  OF  LITTORAL  MATERIAL 

USCE  has  identified  five  possible  sources  of  littoral 
materia]  available  to  the  present  shore  in  the  study  area. 
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:  -i-s?  sources  a'e:  <a.  set.';  T.an-  bro.«g-T  th:j  bay  oy 
..-ibutary  stresits:  <b)  material  f  rnir  within  Hunbr.1  t!t  3aw  made 
svnlible  by  scouring  action  of  current?,  end  asves  on  the 
banks  and  channels  and  on  shoals  and  shal  1  ov; -hot  ton  areas; 
(c>  l_tco--al  material  -from  the  Pacific  Ocean  cepositee  in  the 
:.•  =  >■  channels  oy  waves,  tidal  currents,  or  winds.  !d>  material 
dredged  from  project  channels  and  dumped  in  the  bay;  and  (e> 
material  eroded  from  the  Buhne  Feint  area.  Doe  to  the  racure 
of  the  tributary  drainage  areas  and  the  si2E  cf  the  streams 
entering  Humboldt  Bay,  the  amount  of  sediment  carried  by 
streams  is  considered  insignificant  and  will  not  be 
considered  as  a  source  for  beach  nourishment 

In  the  Buhne  Point  area,  marked  changes  have  occurred  in  the 
shallow-water  area  between  Buhne  Spit  and  Elk  River 
Spit.  For  the  period  1911  to  1955,  the  net  cnange  in  the 
shallow-water  area  has  been  erosion.  Within  the  limits 
covered  by  the  USCE  1955  survey,  it  was  estimated  that 
2,107,000  cubic  yards  of  bottom  material  below  mean  lower  low 
water  were  eroded  during  this  period.  Some  of  this  material 
may  have  been  carried  to  shore  by  wave  action  and  tidal 
currents. 

LITTORAL  TRANSPORT.  Material  derived  from  littoral  transport 
along  the  Pacific  Ocean  shoreline  may  be  deposited  within  the 
Day  by  waves,  tidal  currents,  or  winds.  Based  on  studies  made 
by  USCE  in  connection  wit h  navigation  improvements  of 
Humboldt  Bay,  it  appears  that  thE  predominant  direction  of 
littcral  transport  along  the  Pacific  Ocean  shoreline  is  from 
north  to  south.  The  net  rate  of  transport  is  not  known. 
However,  the  relative  stability  of  the  Humboldt  Day  bar  and 
of  the  shoreline  of  the  South  Spit  seems  to  indicate  a  fairly 
constant  supply  of  sand  from  littoral  sources.  Therefore,  it 
is  possible  that  littoral  materia 1  deposited  in  the  vicinity 
of  the  entrance  channel  is  rsdeposited  ultimately  on  the  bar 
or  moves  past  the  jettied  entrance. 

BUHNE  SPIT  NOURISHMENT.  Prior  to  1950,  material  derived  from 
maintenance  dredging  of  the  Humboldt  Bay  project  channels  was 
dumped  within  the  limits  of  the  Bay.  As  determined  from 
available  dredging  maos,  the  principal  dump  areas  were;  (a> 
deep  water  at  the  beyward  end  of  the  entrance  channel;  (b)  a 
deep  water  area  west  of  the  northern  end  of  Fields  Landing 
Channel;  and  <c!  deep  water  near  Fairhaven,  in  what  is  now 
P rr t  of  North  Bay  Channel.  Before  1915.  no  dredged  material 
w£S  dumped  in  the  bay.  Between  1915  and  1949,  inclusively, 
it  .?  estimated  that  2,711,000  cubic  yard s  of  dredge  spoil 
:• --r*  dumped  in  the  bay.  Since  1950,  all  dredge  spoi  1  material 
:  as  ber-n  deposited  in  the  Pacific  Ocean  in  deep  water  south 
of  the  bar  and  entrance  channel. 


-21- 


I 

t 


Betwe&n  1354  and  195?.  it  has  been  estjn.itec!  by  than 

4,700,000  cubic  yards  ol  ir.at  or  i  a  1  were  eroded  fro,;  tr.e  But.r.i 
Spit  area.  Table  4  gives  the  loss  above  elevation  -*6." 
(MLLW),  that  occurred  tor  certain  intervals  during  the  pe-r.cd 
of  record. 

TABLE  4 

EROSION  AT  BUHNE  POINT  AREA  HUMBOLDT  BAY 
Above  Elevation  +6.0  Feet  (MLLW) 


Per i od 


Years 


Amount 


Aver  eg ■ 
Annua 1 
Rate 


ie54-1911 

57 

1,850,000 

3?,  5’.’0 

1911-1930 

20 

650, 000 

32,500 

1930-1946 

16 

1,470, 000 

92, 000 

1946-1952  1/ 

6 

780,000 

130, 000 

1854-1952 

99 

4. 750, 000 

19.000 

1/  Erosion  during  period  1946-52  based  in  part  on  a  survey 
made  in  June  1955.  However,  the  1955  survey  is  considered  to 
represent  1952  conditions  at  the  point  because  the  rt  vetment  . 
now  protecting  the  shore,  was  constructed  in  1952. 


EROSION  BUHNE  SPIT 

The  Department  o-f  Boating  and  Waterways  has  compiled  aerial 
photographs  for  the  period  1943  through  1980  and  transferred 
the  interpreted  high  water  line  to  a  bass  map  shown  on  Flute 
II  to  determine  the  area  of  the  spit  bounded  by  the  press rt 

|  development  at  King  Salmon.  The  area  of  the  spit  in  1940  was 

about  25  acres,  increasing  to  about  29  acres  in  1956,  end  was 
i  assumed  to  reach  zero  in  the  spring  of  1 982.  There  was  a 

J  uniform  rate  of  erosion  on  the  spit  from  1961  until  1919. 

The  annual  erosion  rate  was  about  14,000  cubic  yards  per 
year.  During  this  pe-ied  the  beach  face  eroded  at  a  rate  of 
j  about  27  feet  per  year.  The  average  rate  of  erosion  of  the 

(  beach  face  from  1946  through  1930  was  about  25  feet  per  year. 

1  The  offshore  profiles  along  USCE  profile  line  NO.  15  indicate 

t  that  only  the  sand  fill  area  has  suffered  appreciable 

erosion.  The  offshore  beyond  the  sand  fill  has  maintained  a 
fairly  uniform  elevation  during  the  entire  period,  indicating 
very  little  erosion  of  the  clayey  material.  Some  securing 
J  has  occurred  along  the  rock  revetment  paralleling  Buhnc-  Point 

Drive. 


TRIBUTARY  DRAINAGE 

The  dra  inage  area  tritutary  to  Humboldt  Bay  is  abw.t:  22o 
square  miles  in  extent.  The  principal  stre.-.mt:  enter :  r  a  the 
bay  between  Eureka  and  the  southerly  1  i  n  .  t  s  o.:  the  5  -  ,  .ve 
Elk  River  and  Salmon  Orel  .  which  have  drainage  anna-  of  57 
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BEACH  WIDTH 
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LEGEND 

SHORELINE  LOCATIONS  BY  YEARS 


- 1955 - 

. 1946 . 

- 1939 - 

- 1931 - 

- 1929 - 

- 1926  —  •  * — 


MOTES: 

tax  ll  1*72  UOCS  of  fir  Id. 

Lan*ln|  Qaa*ra*fl* 

1  Im  ilmn  rlfniHl »  tS* 

Ilw  *f  lb  am  M.gfc  Matar. 

Oapth  cabtanra  at*  in  fa*«  b*  loo 
•ban  |Mt  Lao  biar  (HUT)  Omtua 

Ob*  fan*  Aaptb  contour*  lam 

■ffbllMlif  frtm  a  July  I  MO  W.S.C.  of 
f  •  '*  Nnar  Cant  fact  an* 

f"«  Cm  *nrial  htatofrapfcy 

takna  at  OfOS  a. a.  an  'ay  21.  10*2  (Ti«* 
fla*.  ■  -|.$L 

Grid  ca*NlMt«a  ara  fr*  U»  Calif 
CMNtMf*  !r<tn  Zana  I. 

(mat*  Jklpbut  Mar*,  lac. ,  proparty 
linO*  tttblUM  frm  I.C.W.'i  °r 
T i a* | an* i  Snrvay  *102. 
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1  1  ■  q  «.  .ti:  .  --  1  -  .-e  /.  Nj  data  re  .<•»  aiiiiit 

'•rd.ii,;  ■  .  -  ■'  fro:..  r..  r  J  tu‘>  rirr  •  sii  b/  hf-s  ■’trsi'i  ;S. 

th  ■  f  <=■:..  tirs,  El  t  f-..  .  v  drams  ;.r»  a  ea  c  st;r:o  of, 

thL-  ir-.ji.'.  pj >rt.  ssr  -r  d  -g-ovith  timbi-r  :  on 

“rtoc!  logging  is.  pr.-:t  re..  Evsn  du'irg  ds  i  .dr  of  h*  gh 
rinotf,  Eil  ‘iivsr  is  seltTi.'  abl  e  to  break  t.or  oi  -h  Ell  River 
">oit.  So.  -r«.)  attempts  h beer,  marie  or  prcv.ee  a  channel 
rrr.i*  Ell  K-.  vor  Spit  but  the  river  has  rot  betri  able  to 
maintain  such  a  channel  .  This  lack  of  sediment  transport  by 
the  two  major  tributary  streams  confluencing  with  Humboldt 
Eay  does  not.  provide  surticier.t  beach  r.our  i  shrrent  to  sustain 
the  sand  bar  ar.d  protective  beaches  in  the  Buhne  Point  to  Elk 
River  stretch  of  bayfrort.  The  major  beach  nourishment 

material  is  transported  into  the  bay  through  the-  jettied 
entrance  across  the  navigation  channels  and  onto  the  bar. 
The  Corps  of  Engineers  present  maintenance  dredging  program 
which  dredges  the  mam  navigation  channels  within  the  bay  and 
deposits  the  dredge  spoil  at  a  deep  ocean  site  has  furtner 
depleted  any  beach  nourishment  material  available  to  the  the 
Euhr.e  Spit  area. 


MAPS 

The  maps  used  m  the  preparation  of  this  report  include  the 
latest  and  tho  historical  editions  of  the  national  Ocean 
Survey  Chart  ho.  18622  ;  the  U.  S.  GeolDg.cal  Survey  quad¬ 
rangle  sheets  for  Eureka,  Eerndale  and  For  tuna.*  and  Corps  of 
Engineers  condition  survey  maps  of  Humboldt  Tay .  In  addition, 
-e  was  made  of  aerial  photographs  tm! en  by  various  federal 
and  state  agencies  for  the  years  1932  through  1932.  These 
ecnal  photographs:  are  on  file  in  the  Humboldt  County 
Fr,v. ronnenta’.  Center.  Haps  were  also  prepared  b>  tho  Depart¬ 
ment  of  Boating  and  Waterways  to  accompany  this  report. 

SHORE  OWNERSHIP 

The  entire  Buhne  Point  area  is  privately  owned.  buhr.  •  tpit 
has  been  developed  as  a  fishing  resort  known  as  Wing  Saloon 
Resort.  No  bathinc  beaches  are  involved  within  tho  proposed 
project  area  but  the  spit  is  utilized  for  sport  fishing  and 
clamming.  The  project  area  is  presently  owned  in  fee  by  the 
Eureka  Shipbuilders  Inc.  and  title  to  the  property  is  in  the 
process  of  b.-i.og  transferred  to  the  Humboldt  Bay  Harbor, 
Recreation  and  Co.nser  vat  i  on  District.  The  pr  ope  -ty  line  of 
the  Eureka  Shipbuilders  holdings  is  delineated  on  tie  plan 
view  of  the  project  area  on  Plate  II  and  is  desiencted  P/L. 
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BUHNE  POINT/KING  SALMON  SHORE  PROTECTION  PROJECT 


ENGINEERING  DESIGN  CRITERIA 

The  design  of  the-  rubble-mound  structures  in  this 
project  -  breal waters,  seawalls,  and  groins  -  was  done  in 
accordance  with  procedures,  tables,  charts  and  criteria 
contained  in  the  U.  S.  Army  Corps  o-f  Engineers,  SHORE 
PROTECTION  MANUAL,  Volumes  I, II  and  III,  dated  1977,  (SPM! , 
which  was  developed  b  /  their  Coastal  Engineering  Research 
Center.  ThE  design  wave  selected  was  the  largest  wave 
possible  that  could  break  on  the  structure  as  determined  by 

the  still  water  depth  (ds!  at  the  toe  o-f  the  structure.  The 

design  tidal  stage  is  the  estimated  maximum  high  water  level, 
which  is  +9.5  feet  MLLW.  The  depth  of  the  toe  of  the 
structure  varies  in  the  various  structures.  The  average 
depth  of  the  toe  of  the  400’  offshore  breakwater  is  -3.7' 
(MLLl-J)  which  will  produce  a  still  water  depth  of  13.2’.  The 
average  depth  of  the  toe  of  the  2000 ’  seawall  varies  from 
+0.0  feet  at  the  south  end  to  —1.5  feet  MLLW  at  the  northerly 
end,  resulting  in  still  water  depths  of  9.5’  and  11.0’ 

respecti vel y .  The  depth  of  the  toe  of  the  outboard  end  of 

the  groins  is  about  -2.5’  to  -3.5’  MLLW.  The  larger  waves  in 
this  area  have  a  period  <T>  of  3  to  14  seconds  and  a  design 
wave  period  of  9  seconds  was  selected  as  explained  in 
the  section  on  Waves. 

OFFSHORE  BREAKWATER  STRUCTURE:  With  d  =  13’  and  T  =  9  sec 
2  2  s  2 

d  /gJ  =13/32.2  <91  =0.00493,  from  Fig  7-4  with  d  /gT  =0.005 

S  E 

ana  m  =  0.01;  H  /d  =0.78,  so  H  =  0.85  x  13’  =  11.0’  . 

b  s  b 

But  with  T  =  14  sec  ,  Hb/ds  =  0.87  and  Hb  =  11.3’ 

So  a  design  wave  height  of  11.5’  was  selected  for  the 
offshore  structures.  Using  equation  7-110  from  SPM  to 
determine  the  nominal  weight  of  the  armour  stone  gives: 

%->  3 

W  =  w  H  /K  (S  -1>  Cot  0  =  12,724#  or  6  Tons 
r  Dr 

for  a  KD  of  2.5  which  anticipates  that  no  damage  would  result 
from  the  design  wave.  These  wave  heights  and  rock  sizes 
correspond  very  closely  with  the  determinations  of  the  Corps 
of  Engineers  in  their  Seach  Erosion  Control  Report  for 
Humboldt  Bay  (Buhr.e  Point)  de<ted  5  October  1956. 
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A  top  elevation  of  7.0’  was  selected  for  the  breakwater  to 
enable  it  to  practically  eliminate  any  waves  occurring  at  Mean 
High  Tide  and  to  substantially  reduce  any  waves  which  might 
occur  very  rarely  at  the  estimated  highest  water  level  of 
9.5’.  With  a  still  water  level  of  +6.0  feet  MLLW  the  still 
water  depth, d  ,  is  : 

s 

d  =  6.0  +  3.7  =  9.7’  and  h  =  7.0  +  3.7  =  10.7’ 
s 

Using  a  1:2  slope  on  the  breakwater  and  a  top  thickness,  b, 
of  12.0’  will  give  b/h=12/10. 7=1 . 12  and  h/ds=10. 7/9. 7=1 . 104 ; 
with  ds/gT2  =  9.7/32.2  (9)2  =  0.0037,  so  i nterpol ati ng  from 
figure  7-40  St  7-41  gives  Ht/Hi  =  0.307,  or  Ht  =  0.307  Hi 

which  results  in  approx.  907.  reduction  of  wave  energy.  With 
a  still  water  level  of  9.5’,  ds  =  13.2,  so  ds  /  gT2  = 

0.00506,  and  h/ds  =  10.7  /  13.2  =  0.8106,  so  Ht  =  0.575  Hi 

which  results  in  approx.  66V.  reduction  of  the  wave  energy. 

The  breakwater  was  placed  about  250’  offshore  so  it  would  be 

far  enough  from  the  shore  to  allow  sand  to  accumulate  behind 
it  but  not  far  enough  to  allow  the  waves  to  reform  after  they 
have  broken  over  it. 

RUBBLE— MOUND  SEAWALL:  For  the  seawall  the  ds  varies  from 

11.0’  to  9.5’.  With  m  =  0.02,  a  ds  =  12.0’  would  produce 
ds/gT2  =  0.004,  and  from  Fig.  7-4  Hb  =  0.94  ds  =  10.34’. 

For  ds  =  9.5,  Hb  =  9.0’.  Using  equation  7-110  from  the  SPM 
again  would  indicate  rock  sizes  of  5.0  Ton  to  3.0  Ton  with  a 
K  of  2.5. 

D 

Wave  run-up  was  checked  to  determine  the  design  height  of  the 
wall  using  ds=  11.0’,  m=  0.02,  T=  9.0  sec,  and  Hb  =  10.3’; 
so  Hb/gT2  =  0.00395  and  from  Fig  7-5  Hb/Ho«  =  1.2  which 
gives  Ho!  =8.6’,  Ho!/gT2  =  0.0033,  and  ds/Ho!  =  1.28. 
Using  Cot  0=2  (  2:1  slope  on  the  face  of  the  seawall)  and 
interpolating  between  Fig.  7-10  and  7-11  will  result  in 
R/Ho!=2.9  for  a  smooth  surface.  Therefore  Rs=2.9  x  8.6=25.3’ 
or  Rr  =  0.55  x  25.3  =  13.9’.  This  indicates  run-up  to 
elevation.  9.5  +  13.9  =  23.4’  MLLW.  Which  is  way  above 
street  level  so  run-up  is  rechecked  using  the  composite  slope 
Method  with  a  seawall  to  elev.  18. O’  with  a  10’  wide  top  and 
a  2: 1  slope. 

!  •  2 

Then  H  =8.6,  H  /gT  =  0.0033, 

■o  o!  2 

and  H  /L  =  2  (H  /gT  )  =6.28  (0.0033)  =  0.0207, 

o  o  o  •  2 

then  froe  Fig  7-3  H  =1.19  H  =10.2’,  and  H  /gT  =0.00392. 

bo  b 

From  Fig  7-2  d  /H  =  1.15  so  d  =  1.15  >:  10.2  =  11.73’ 
b  b  b 

and  X  =  (11.73  -  11.0) /O. 02  =  36.5’ 
b 

Then  X=36. 5+39+1 0=85. 5,  and  7=11.73+8.5=20.23,  and  Cot  0=4.23 
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;. .  •  h  c'.b/‘ 
V  r--  R  =  1 
>r.  eIpv. 
e ; r .  19.0’ 


:  '  .  '?3  /8.  fj~  1  .  Z6.  •:  rue:  Fig  7-10  -V 
>:  ;.£  :  C  .  55  ■■  t-.’.R’  whict  would 
‘  9.5  -  17./'  lr  th::  very  worst 
r  on  :.i  dfr  t-d  h>  nh  enough  -tor  this 


7-11  R/Ho  -1.73 
lnaiCcte  run-up 
conditions  So 
cesi gn . 


RUeBLE-MOUND  GROINS:  With  a  maiimum  ds  =  13'  for  the  groins 
;  nc.  a  T=  c.  sec.  ds/gT2=  0.0046  and  from  Fig  7-4  Hb/ds=  0.85 
for  m  =  0.01.  So  Hb  will  vary  fro.T,  11.0’  to  9.4’.  Using 
equation  7-110  -fro.T)  the  SR  11  again  but  using  Kd  =  4.0  W2  1 1 
produce  e  rod  site  o-f  3.5  Tons  to  2.2  Tons  for  the  armour 
stone.  The  2:1  slope  would  be  used  for  50’  at  the  offshore 
end  of  the  groin  with  a  1.5:1  slope  oh  the  rest  of  the 
length.  It  was  anticipated  that  the  protective  sand  beach 
would  be  built  up  to  elev  +10.0’  MLLW  so  the  top  of  the  groin 
wias  set  for  +12.0’  MLLW. 


H-PILE  WITH  WOOD  LAGGING  GROIN:  It  is  anticipated  that  the 
top  of  the  sand  fill  upcoast  of  the  groin  would  be  elev. 
+10.0’  mine.  The  elev  of  the  existing  ground  downcoast  of  the 
3 'em  varies  fro.T.  0.0  to  -2.5’  MLLW  so  the  height  of  retained 
material  would  be  10  to  12  feet.  General  guidelines  for 
cantilver  sheet  piles  in  fairly  loose  granular  material  call 
for  a  destf.  of  penetration  for  the  pile  of  1.3  to  1.5  times 
the  height  of  retained  materiel.  Using  a  factor  of  1.5  would 
gi re  a  penetration  length  of  15  tD  18  feet  or  a  pile  tip  elev 
of  -15’  tr.  -20’  MLLW.  For  H-Beam  piles  with  timber  lagging, 
the  penetration  factor  is  increased  to  2.0  which  produces  a 
renet ration  length  of  20  to  24  feet  and  a  pile  tip  elev.  of 

-20'  to  -26'  M _ $<!.  Previc  .is.  borings  indicate  that  there  may 

be  some  st.-f's  materia).  at  these  deaths  and  the  tip 
elevation  cf .  be  reduced  somewhat  in  the  final  design. 
Experience  at  previous  projects  indicates  that  the  4"  12" 
lagging  on  i  :  c  simple  span  are  adequate  and  that  HP  12  >.  74 
pilings  wi  1  n:o  be  sufficient. 


-31- 


ALTERNATIVES  COMPARISION 


The  recnffi'endGi  sdore  prctsctior.  alternftr.?.  :.;r.  dr  t  er  r.r.  sd 
free.  two  ar.a’.vtiEfl  phsae?.:  <i>  prel  i  mi  nar  y  arraerm?  are. 

(I1:  -final  selection.  Each  of  these  comperati.e  phases  is 

described  ir.  tire  -following  sections. 

PRELIMINARY  SCREENING.  A  prelimnary  comparison.  of  alter¬ 
natives  was  used  tr  eliminate  those  protection  methods  that 
clearly  were  less  -favorable  than  the  others.  This  allowed 
the  final  selection  to  be  more  closely  analyzed  withojl 
unnecessary  confusion.  Since  a  relatively  la-ge  number  of 
alternatives  were  developed  and  analyzed,  a  numerical 
comparison  was  used  for  preliminary  screening  (see  the 
following  Table  t'. 

The  numerical  comparison  relates  to  the  previously  described 
project  goals  and  constraints.  Under  the  general  category  of 
''function",  two  factors  are  listed.  The  first  is  “protection 
capability",  which  encompasses  the  probable  effectiveness  in 
controlling  erosion  and  the  justifiable  feeling  of  well  being 
by  adjacent  residents.  The  other  factor  is  "engineering 
confidence"  which  includes  an  evaluation  of  each 
alternative's  ability  to  provide  long-term  project  life  and 
to  withstand  structural  or  operational  stresses  due  to 
extreme  storm  events. 

The  "economics"  category  relates  simply  to  fecto-s  of 
epected  "cc-nstr  uc  t  i  on  cost”  and  "maintenance  cost"  for  each 
alternative.  The  higher  ratings  reflect  lower  costs.  To 
further  enhance  the  economic  comparison,  the  table  presents 
the  estimated  construction  costs  of  each  alternative  in 
collar  amounts  and  relative  maintenance  costs  in  terms  of 
high,  moderate  or  low. 

The  "environmental"  category  also  is  divided  into  two 
factors,  "social"  and  "biological”.  The  social  factor 
relates  to  protection  of  aesthetics,  visual,  recreati onal , 
and  navigational  aspects.  The  biological  factor  accounts  for 
impacts  upon  burial  and  destruction  of  habitats. 
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TABLE  5 


BUHNE  POINT/KING  SALMON  HARBOR 
SUMMARY  OF  COST  ESTIMATES 


PLAN 

DESCRIPTION 

TOTAL  COST 

A— 3 

1400’  Curved  Combination  Groin  w/400’  Rubble 
Mound  Breakwater. 

*640, OOO 

B-3 

1600’  Bent  Combination  Groin  w/200’  Rubble 
Mound  Groin  Upcoast. 

4602, OOO 

r* 

1750’  Combination  Groin  W/200’  Rubbls-Mound 
Groin  Upcoast. 

*660,000 

D 

1400’  Bent  Combination  Grcir,  w/400’  Rubble 

Mound  Groin. 

*615,000 

E 

1200’  Bent  Combination  Groin  w/2  Rubble-Mound 
Groins  Upcoast  (400’  i>  300’  )  . 

*640,000 

F 

2000’  Rubble-Mound  Seawall  along  Buhne  Point 
Drive. 

*  1 , 030 , 000 

G-i 

Import.  490,000  cyds.  of  Sand  Fill  to  Rebuild 
Spit  to  1961  Alignment. 

*1,970,000 

fi-3 

Import  170,000  cyds.  of  Sand  Fill  to  Rebuild 
Spit  to  19B0  Alignment. 

*630, 000 

S' 

700’  Curved  Combination  G-oin  w/3-350’  Rubble 
Mound  Breakwaters. 

6736,000 

: 

1200’  Curved  Combination  Groin  w/550’  "L“ 

Shaped  Rubble-Mound  Groin. 

*602, 000 

j  -i 

1300’  H-Beam  Pile  St  Timber  Groin  on  South  End 
w/450’  Rubble-Mound  Groin  on  North  End  Con¬ 
nected  by  a  950'  Low  Rubble-Mound  Sill. 

*795,000 

■3  -2 

J-l  +■  350,000  cyds.  Additional  Sand  Fill  for 
Construction  of  a  Perched  Beach. 

62 , 2o0 , 000 
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i-Vt-K.  Tide’s  5  and  6.  ce‘t&'  n  co.uliir.icnj  b-  rc-.-Td,- 

flrfwri.  The-  alternatives  rs  r-keri  i  n  the  top  tc.r  pi  ’ee*;  all  w-e 
a  long  groir./retainirig  structure  with  sard  Tilled  poc  e:o. 
Each  tvf  these  top  -four  alternatives  attained  .-.c.-  e  the-  20 
points.  This  creates  a  pr  spondee  sne  e  of  s/H'fce  that  the 
recommended  alternative  steel  c  be  selr-ctod  ire.  r.  within  the 
gr  oup : 

la)  Alternati  .e  A-3,  1400’  Grcin  w/409’  Offshore  Breawater 

(fc)  Alternative  D,  1400”  Groin  w/400'  Upccaei  Groin 

<c>  Alternative  I,  1200’  Grom  w/55C  “L"  shaped  groin 

(ti>  Alternative  J,  1300'  Grom  w/95'V  low  sill  &  perched 

beach . 


Three  of  the  other  alternatives  also  relied  principally  upon 
beach  filled  croin  pockets  but  appear  to  provide  less 
fu.net  i  onabi  1  i  tv  ,  higher  costs,  and/or  notably  adverse  social 
impacts.  These  include  Alternatives  B,C,  and  E.  The  various 
other  con F i gu- * t ; one  of  the  top  four  alternatives  seem  to  be 
too  costly  fc"  the-  degree  of  protection  provided. 


TABLE  6 

DESIGN  SELECTION  TABLE 


Eating  Factor 
FUNCTION: 

(■■rnt’ction  Capability 
Engineering  Confidence 


Poi nts 
Max  A-3  B-3 

6  4  3 

6  5  2 


Alternative 
C  D  E 

3  3  3 

2  4  3 


Desi gns 
F  G-l 


5  1 


H 

4 

4 


1  J-l 

3  5 

4  5 


COST  : 

Construction  Cost 
Maintenance  Cost 


6  4  5 

6  4  2 


4  5  4 

2  3  3 


1 

1 


ENVIRONMENTAL: 
Soc i a  1 
Eh  o’,  ngi  c  a  1 


6  4 

6  5 


4 

4 


4 

4 


1  2  3  4  4 

2  2  5  4  3 


TOTAL  POINTS 
RANKING 


36  26  IS  17 

1  7  9 


9  23  25 

lO  4  2 


p 


FINAL  SELECTION.  As  a  result  oc  their  inclusion  in  the  final 
selection  process,  the  long  groin  with  the  other  alternate 
features  were  analyzed  in  more  detail  to  more  confidently 
assess  comparat i  /i  qualities. 


Little  comparative  difference  was  found  between  these  alter¬ 
natives  in  the  preliminary  screening;  therefore,  the  com¬ 
bination  of  Icon  groin  and  offshore  structure,  the  perched 
beach  configuration  and  the  .  o:ig  groin  and  upcoast  oroir  were 
combi  ned  and  analyzed.  E'ecause  of  the  offshore  depths  and 
the  three  diusnsmnal  nature  of  the  problem,  a  range  of 
protect  effect:  .i-r.osr,  and  costs  car.  be  achieved  by  the 
various  comt i n  >c. ons  of  groin  length,  length  of  offshore 
structure  and  v  c-ritat"  on  configurations. 
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CONCLUSIONS  AND  RECOMMENDATIONS 


SUMMARY  OF  FINDINGS:  fip?.r  c.iimately  2000  feet  of 

shoreline  at  Buhne  Spit,  located  just  west  o i  •  l  ng  Sa'con 
opposite  the  Humboldt  Bay  en:  rstcfc  jetties,  per  v .i  stent !  ■.  in 
the  oast  few  years  has  receded  at  rates  of  15  to  2 7  feet  per 
year,  threatening  Buhne  Point  Drive  and  adjacent  resi  denr.es. 
The  shoreline  recession  is  principally  caused  by  waves  and 
swell  that  enter  Humboldt  Bay  through  the  navigation  channel 
between  the  jetties.  These  waves  (with  annual  recurrence 
heights  of  about  10  feet  impact  on  the  beach  in  the  Buhne 
Spit  area  and  transport  sand  along  the  spit  and  into  Fields 
Landing  Channel  and  PGScE’s  powerpl  ant  cooling  water  intake 
channel . 

An  analysis  cf  the  twelve  shoreline  protection  measures 
demonstrates  that  placement  of  various  groins,  seawalls.  or 
ether  structures  upon  Buhne  Spit  to  retard  erosion  is 
preferable  for  this  project.  Some  of  the  alternatives 
exhibit  excessive  maintenance  costs  and  would  require 
r  cnour  i  shiier.t  of  the  beach  at  frequent  intervals. 

Offshore  structures  that  dissipate  wave  energy,  thereby 
reducing  erasio.nal  conditions  at  the  shoreline,  are  favored 
over  other  protection  methods.  These  offshore  structures  can 
function  effectively  over  the  long-term  and  form  an  open 
pocket  beach  for  nourishment  to  move  downcoast  into  the  proin 
pocket.  They  avoid  unacceptable  inpact  upon  the  social  and 
biological  values  of  the  spit.  Their  slight  danger  to 
shallow  water  navigation  can  be  mitigated  by  navi  gat  onal 
aids  (buoys  and/or  lights'. 

RECOMMENDATIONS:  Future  project  phases  should  concentrate 

upon  the  design  and  construction  of  a  long  groin  and  offshore 
rock  rubble  breakwater  to  protect  the  eroding  shore. inr  from 
excessive  wave  energy  and  concomitant  erosion  problem.  The 
final  design  phase  should  begin  with  establishment  of  precise 
design  criteria  relating  to  function,  cost,  and  environmental 
protection.  The  long  groin  and  offshore  rock  rubble 
breakwater  v  _  t  h  a  crest  elevation  of  about  7  feet  MLLW  can  be 
constructed  for  about  $640,000  and  ths  conf i gur at i on  can  be 
relied  upon  to  substantially  reduce  long-term  shore  recession 
rates  at  Buhne  Spit.  This  conceptual  design  can  be  altered 
to  accomplish  a  wide  variety  of  functional  or  cost 
r aqu i rements.  The  recommended  design  is  Phase  I  of  a  total 
shore  projection  project  to  re-establ  i  s!i  Buhne  Spit  to  its 
approx i mat  a  area  in  3  955.  Subsequent  phases  include  the 
placemen*  of  about  300,000  cubic  yet  ds  of  sand  fill  in  the 
groin  poclei:  established  by  Phase  I.  Beach  nourishment  would 
t-F  furnished  by  tiSCE'c  periodic  chenre]  maintenance  tire  doing 
Within  H  c  .iil.i'  1  nt  V:  iv.  Additionally,  Uri.ru:ening  of  the  )  or,g 
cji.ln  Wfu!  d  pr  event  r.edi  merit  from  bc-ir.  q  carried  off  snore  arc. 
around  .be  h;-<  d  c.-f  the-  groin  during  e.: :  r  t,«r.e  winte-  wave 
•cmditi  --r 
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APPENDIX  A 

COST  ESTIMATES  lor  ALTERNATE  PLANS 

at 


BUHNE  SPIT  AREA 


COST  ESTIMATES 


The  cu?t  estimates  wsr’  prepared  uriing  1933  mill  •■.ride  eu'iter 
for  Mariner  Steel  at  *670  per  ton  plus  t  13v  For 
transportation  -from  Fvnnsyl  vani  a  to  Eure!  ,  Calif.  Labor  anr; 
equi  f  charges  fo'  1  natal  1  at  i  an  worn  added  at  J3.0J  per 

linear  foot  of  pile  for  a  vibratory  driving  system.  Ini  ^ 
results  in  a  unit  prior.-  lor  t  he  steel  M-Beam  cilos  of  il’-P.  ?•' 
per  linear  foot  of  pile  installed.  Kttod  prices  used  lr.  tneie 
estimates  were  *300  per  Thousand  Board  Frot  for  treated  i.'r.un 
Fir  timber  plus  *1.00  per  square  fcot  for  1  ahor  .  egui  nm  wit 
arid  misc.  materials  neccessary  tor  installation  which  re'  u.’  ts 
in  an  installed  price  of  *2.20  ptr  square  foot  fo-  the  t i mot  r 
lagging.  Prices  for  the  rod.  and  granular  .iiatcrn.i  •i.-re 
BKtrc-tri?:!  from  recent  sinilair  '.  on -i-cr.  f  s  :r  1  he  froisr:  a.'-. 

In  estimating  the  construction  ceils  if  was  an  t  .  c  i  ted  that 
the  contractor  would  be  allowed  ft  impart  and  coir.;,  a  t 
granular  material  for  a  work  pis',  form /access  ro  id  above  hi. pa 
tide  as  part  of  his  coir-1  ruction  method.  iH  though  *he  amount 
of  material  con’d  vary  between  alternatives  and  tontr.it  furs. 


an  amount  of  25,000  cubic  yards  wan  considered  with  eicbi 
alternate  to  maintain  a  enru  i  ctar.t  figure  f  or  comp  nr  l  son 
purposes.  This  material  v;as  estimated  at  a  relative'.'  I  c-i-i 
*3.00  pec  cubic  yard. 

Concrete  and  steel  sheet  piling  were  a !  no  cons:  dr*:-.-  ;  in- 
groin  constructs  on  <=»>.  the  beginning  o i  the  estimating  Be*, 
as  their  costs  appeared  to  be  more  then  double  the  errv  ;  bi¬ 
linear  foot  of  the-  other  types  of  construct  jc#n,  tr-vy  w.v  r 
dropped  from  consideration  at  an  early  stays. 


A-2 


Bulmc  I'o  i  n  t  /  K  i  Hi1.  Salmon  Harbor 


Summary  of  Cost  1st  incites 


!“l.  AN  PI  SCRIPT  ION 

A-3  1400'  Curved  Combination  Grom  w/400'  Rubbl e -Mound 

Breakwater 

R-3  1(>P0'  Bent  Combination  Groin  w/200’  Rubble-Mound  Groin 

Upcoast 

C  1750'  Combination  Groin  w/200'  Rubble- Mound  Groin  Upcoast 

P  1400'  Bent  Combination  Groin  w/a  400'  Rubble-Mound  Groin 

I.  1700'  Rent  Combination  Groin  w/2  Rubble-Mound  Groins 

Upcoast  (401)’  f,  500'  ) 

I  7000'  Rubble -Mound  Seawall  along  Buhne  Dr. 

G.-l  Import  490,000  cu.yd.  Sand  to  Rebuild  Spit  to  1961 
A1  i  gnmont 

G  3  Import  170,000  cu.yd.  Sand  to  Rebuild  Spit  to  1980 
A1  i  gnment 

II  700'  Curved  Comb  mat  i on  Grom  w/3-  350*  Rubble -Mound 

fircakw.'i  t  rrs 

I  1700'  Curved  Combination  Groin  w/550'  "I,"  Shaped 
Rubble  Mound  Groin 

.1-1  1500'  H  Bean;  Pile  i,  limber  Groin  on  South  Cnd  w/ 150' 

Rubble -Mound  Groin  on  North  Cud  Connected  by  a 
950’  Cow  Rubble  Mound  Sill 

1-7  .1  1  *  51. 0,000  c.vds.  Additional  Sand  Till  Tor 

Perched  Beach 


TOT.M.  COST 
$  640,000 

$  609,000 

$  660,000 
$  615,000 

S  640,000 
$1 ,080,000 
S 1,970,000 
$  680,000 
$  730,000 

$  602,000 

$  795,000 

$7,200,000 


A  5 


Buhne  Point /Kin-;  Sa  1  urn  Harbor 
Cost  Estimate  for  Plan  A  1 

Rock  Rubble-Mound  Groin  Alternate 


Item 

Quant  i  ty 

Un  i  f 

Cos  t 

AfijtXffi  t 

1400  LF  Rock  Groin 

Core  material 

4,340 

cu. yd. 

$  6.00 

$  26,100 

Rock  armour  stone,  4  ton 
average 

1 1,650 

ton 

20.00 

232,100 

Bedding  layer  V'  0  avg. 

7,420 

ton 

15.00 

111,300 

Toe  rock,  'i  ton  atg. 

1,870 

ton 

15.00 

28,000 

Filter  cloth 

84,000 

sq.  ft . 

.25 

21 ,000 

$-118,01)0 


400  LE  Rock  Breakwater 

6  ton  rock 

4,280 

ton 

20.00 

$  85,600 

Bedding  stone,  50*  avg. 

2,120 

ton 

1 5 . 00 

31,800 

Sand  dike  access  road 

9 , 000 

cu.yd. 

4 . 00 

36,000 

$153, .11.0 

3.  Imported  Sand  Fill 

Move  sand  dike  9,000  cu.yd.  1.50  13,50') 

Additional  sand  16,000  cu.yd.  3.00  -18,000 

$  61  , 500 

TOTAL  ESTIMATED  CONTRACT  COSi  $653, "00 

Engineering,  Contract  Admin.  $  Contingency  Sl_26,30!) 

TOTAL  ESTIMATED  PROJECT  COST  $:’60,(’.id 


A-'l 


Bullin'  Point /Kins;  Sal  non  Harbor 
Cost  list! mate  tor  Plan  A  2 


Stes’l  ll-Benm  Piles  w/l'ioo  J  l.ajtj;  i  Ng  Utcrnate 


I  tern 

1  .  1  -100  I.P  Pile  Gro i n 

HP  12x7-1  |'iling 
1x12  wood  lagging 
4  ton  end  rock 
Sand  dike  access  road 


•100  I.P  Pock  Hieakwatir 
ti  ton  rock 

Redding  ‘.tone,  50*  avg. 
Sand  dike  access  load 


3 .  1  in’>o  rt  i’d  S  nid  kill 

Move  sand  dlls' 


Quant  i  t  y 

Unit 

Cost 

Amount 

6,125 

LF 

$32.20 

$197,500 

22,-100 

sq. ft . 

2.20 

49,300 

6. SO 

ton 

20.00 

13,600 

20,700 

c  u .  yd . 

4.00 

82,800 

4.2S0 

ton 

20.00 

$  85,600 

2, 120 

ton 

15.00 

51 ,800 

9,000 

cu. yd . 

4.00 

.36,000 

25,00(1 

cii.  yd . 

1  . 50 

$  37,500 

TU  I  A  I.  I. S  I  IMVri-H  OINI'P.V  i  COST 
la:  p  i  neer  i  in; ,  ('--iitrict  -Vli'iin.  Coat  ingency 


Total 

$343,000 

$153,400 

$_  37,500 

$533,000 

$107,100 


Tti'IM.  ISriMAII.il  PltO.J  I  f.  I  COS! 


$6  11 .000 


Bulme  Point/King  Salmon  Harbor 
Cost  Hstimat'.  for  Plan  A- 3 


I.  Combination  Groin  v/100'  of  Rubble  -Mount!  Groin  +  1000'  of  ll-lk-an  Pi  I 


Ite:. 

Quant : tv 

Un  i  t 

Cost 

Amount 

400  HF  Rock  Groin  Sec 

tion 

Core  material 

Rock  armour  stone, 
average 

4  ton 

890 

2 ,993 

c  u . yd . 

ton 

$  6.00 

20.00 

$  5,500 

59,900 

Redding  layer  V'  0 

avg. 

1  ,987 

ton 

15.00 

29,800 

Toe  rock,  ton  avg. 

533 

ton 

1 5 . 00 

s ,  onu 

Filter  cloth 

24,000 

sq.ft. 

.25 

6,000 

1000  I,F  Pile  Groin  Section 

HP  17x74  piling 

4,375 

HP 

32.20 

$140,990 

1x12  wood  lagging 

15  009 

sq . ft . 

2.20 

35,000 

Sand  dike  access  road 

I  4,000 

cn. >J . 

4 . 0  9 

56,000 

400  IF  Rock  Breakwater 

6  ton  rock 

1,280 

ton 

20.00 

.$  8,i ,  600 

Bedding  stone,  5<)f  avg. 

’ .  i  '0 

ton 

)  3.00 

.3!  ,800 

Sand  dike  access  road 

9.000 

cu . yd. 

4 . 00 

36 ,  Olio 

1  :ported  Sand  Fill 

Move  sand  dike 

2^,000 

eu.yd. 

1 .50 

$  3' ,500 

Additional  sand 

?  ,  n;i;) 

cu.  yd . 

5.00 

(.,000 

TOTAI.  rsTIHATiil)  CONTRAC :  COM 
Png  i  neer  ing ,  Contract  Admin.  !i  tout  in  i;,niy 


IOTA  I.  I.S  T  MAT  HD  PROdICi  COST 


A- 6 


c  Crain 
Total 

$10;),  OOP 

?  229 , you 

$  I  53,401) 

S  to,! .i'i' 

S3  32,  Kin  l 
$10/, 200 


$f.  10,000 


Ruhnc  Point/King  .Salmon  Harbor 
Cost  Estimate  for  Plan  B-l 


I.  Kook  Rubble-Mound  (Iroin  Alternate 

Item  Quantity  Unit  Cost  Amount 

1  .  1  600  l.P  Rock  Groin 


Core  material 

4 , 960 

cu.yd. 

$6.00 

$  29,800 

Rock  armour  stone,  4  ton 

1.3,280 

ton 

20.00 

265,600 

Bedding  layer,  V  0 

8,480 

ton 

15.00 

127,200 

Toe  rock,  ton 

2,130 

ton 

15.00 

32,000 

Eiltcr  cloth 

96,000 

sq.ft. 

.25 

24,000 

200  EE  Rock  (iroin 

Core  material 

620 

cu.yd. 

6.00 

$  3,700 

Rock  armour  stone,  4  ton 

1  ,660 

ton 

20.00 

33,200 

Bedding  layer,  0 

1,060 

ton 

15.00 

15,900 

Toe  rock,  ton 

267 

ton 

15.00 

4,000 

filter  cloth 

12,0(10 

sq. ft . 

.25 

3,000 

Imported  Sand  fill 

25,000 

cu . yd . 

3.00 

'IOTA I,  l-ST IM\TI-:i>  CONTRACT  COST 
Engineering,  Contract  Admin,  fi  Contingency 
TOTAL  1ST 1  MATED  PROJECT  COST 


A  -  7 


Tot  a  1 


$478,500 


$  59,900 
$  75,000 
$615,400 
S 1 21 ,600 
$735,000 


Buhnc  Point/King  Salmon  Harbor 
Cost  estimate  for  Plan  B-2 


I.  Steel  11-Beam  Piles  w/IVood  bagging  Alternate 


■  aUO  LF  Pile  Groin 

HP  12x74  piling 
4x12  wood  lagging 
4  ton  end  rock 
Sand  dike  access  road 


Quant  tty  Unit  Cost 


2S , 600  sq.ft.  2.20 

6S0  ton  20.00 
23,080  cu.yd.  4.00 


A  mono  t 


LF  $32.20  $273,1(10 


St, .  300 
13,600 
94 , 700 


2.  2C0  LF  Rock  Groin 

Core  material 
Rock  armour  stone,  4  ton 
Bedding  layer,  V  0 
Toe  rock,  ton 
Filter  cloth 


3.  Imported  Sand  Fill 

Move  sand  dike 
Additional  sand 


620  cu.yd.  6.00  $  3,700 

1,660  ton  20.00  33,200 

1.060  ton  15.00  1 S !  9:>0 

267  toil  15.00  4,’  000 

12,000  sq.ft.  .25  3,000 


23,500  cu.yd.  1.50  $  35,300 

1,600  cu.yd.  3. 00  4, 5(1(1 


S  So.ooo 


$  30,800 


TOTAL  l-.ST (MATCH  CONTKVCT  LOST 
Engineering,  Contract  Admin,  f,  Contingency 


$  1  SO ,  0  1 


$  9, s,  50.1 


TOTAL  P.  ST  I  MATCH  PRO.'CCl  COST 


S3.5S  ,  Clio 
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Buhne  Point/King  Salmon  Harbor 
Cost  Estimate  for  Plan  B-3 


Combination  Groin  w/600'  of  Rubble-Mound  Groin  +  1000'  of  H-Beam  Pile  Groin 


Item 

Quantity 

1 . 

600  LE  Rock  Groin  Section 

Core  material 

1,334 

Rock  armour  stone,  4  ton 

4,490 

Bedding  layer,  V  0 

2,980 

Toe  rock,  b  ton 

800 

Filter  cloth 

36,000 

-) 

1000  LF  Pile  Groin  Section 

HP  12x74  piling 

4,375 

4x12  wood  lagging 

15,000 

Sand  dike  access  road 

14,000 

3.  200  f.r  Rock  Groin 

Core  material 

620 

Rock  armour  stone,  4  ton 

1  ,660 

Bedding  layer,  V  0 

1  ,060 

Toe  rock,  ton 

267 

Filter  cloth 

12,000 

Imported  Sand  Fill 

Move  sand  dike 

14,000 

Additional  sand 

11 ,00(1 

Unit 

Cost 

Amount 

Total 

cu.yd. 

$6.00 

$  8,000 

ton 

20.00 

89,800 

ton 

15.00 

44,700 

ton 

15.00 

12,000 

sq. ft . 

.25 

9,000 

$163,500 

LF 

32.20 

$1  10,900 

sq.ft. 

2.20 

33,000 

cu.yd. 

4.00 

56,000 

$229,900 

cu.yd. 

6.00 

$  3,700 

ton 

20.00 

33,200 

ton 

15.00 

15,900 

ton 

IS.  00 

4,000 

sq. ft . 

.25 

3,000 

$  59,900 

cu.yd. 

1.50 

$  21,000 

cu.yd. 

3.00 

33,000 

$  54,000 

TOTAL  ESTIMATED  CONTRACT  COST 
Engineering,  Contract  Admin,  fi  Contingency 


$507,300 

$101,700 


TOTAL  ESTIMATED  PROJECT  COSE 


$609,000 


w 


¥ 


W 


* 


Buhnc  Point/King  Salmon  Harbor 
Cost  Estimate  for  Plan  C 


I.  1750'  Combination  Groin  w/200'  Rubble- Mound  Groin 


Item 

Quantity 

Unit 

Cost 

Amount 

750'  Section  of  Rubble-Mount  in  Combination 

Groin 

Core  material 

1,667 

cu.  yd . 

$  6.00 

$  10,000 

Rock  armour  stone,  4  ton 

5,613 

ton 

20.00 

112,300 

Bedding  layer,  V  0 

3,725 

ton 

15.00 

5S.900 

Toe  rock,  H  ton 

1,000 

ton 

15.00 

15,000 

Filter  cloth 

45,000 

sq. ft . 

.25 

11,200 

1000'  Section  of  H-Benm  Piles  in  Combination 

Groin 

HP  12x74  piling 

4 , 375 

LF 

32.20 

$140,900 

4x12  wood  lagging 

15,000 

sq. ft . 

2.20 

33,000 

Sand  dike  access  road 

14,000 

cu.yd. 

4.00 

56,000 

200'  Rock  Rubble-Mound  Groin 

Core  material 

620 

cu. yd. 

6.00 

$  3 , 700 

Rock  armour  stone,  4  ton 

1,660 

ton 

20.00 

3.3,200 

Bedding  layer,  %"  0 

1,060 

ton 

15.00 

15,900 

Toe  rock ,  h  ton 

267 

ton 

15.00 

4,000 

Fi Iter  cloth 

12,000 

sq.ft. 

.25 

3,000 

Imported  Sand  Fill 

Move  sand  dike 

14,000 

cu. yJ. 

1  .  SO 

$  2) ,00U 

Additional  sand  fill 

1 1 , 000 

cu.  >vl. 

3 .  no 

33 , 000 

TOTAL  ESTIMATED  CONTRACT  COST 
Engineering,  Contract  Admin.  5  Contingency 

TOTAL  ESTIMATED  PROJECT  COST 


Total 

$204,400 

$229,900 

$  59,900 

$  54 ,000 
$548,200 
$111,800 

$600,000 


A  -1 0 


Buhnc  Point/King  Salmon  Harbor 
Cost  estimate  for  Plan  [) 


I.  1400'  Combination  Groin  w/400'  Rubb lc -Mound  Groin 


Item 

Quant itv 

Unit 

Cost 

Amount 

400'  Section  of  Rubble-Mound  in  Combination 

Groin 

Core  material 

SSS 

cu.  yd. 

$  6.00 

$  5,300 

Rock  armour  stone,  4  ton 

3,000 

ton 

20.00 

60,000 

Bedding  layer,  V'  0 

2,000 

ton 

15.00 

30,000 

Toe  rock,  's  ton 

533 

ton 

15.00 

8,000 

Filter  cloth 

24,000 

sq.  ft. 

.25 

6,000 

100(1'  Section  of  11-Beam  Pile*;  in  Combination  Groin 


HP  12x74  pit  ing 
4x12  wood  lagging 
Sand  dike  access  road 


■1,375  I.F  32.20 
15,000  sq.ft.  2.20 
14,000  cu. yd.  4.00 


$140,900 

33,000 

56,000 


3.  400'  Rock  Rubble- Mound  Groin 


Core  material 

1,210 

e u . yd . 

6.00 

$  7,400 

Rock  armour  stone,  4  ton 

3,  320 

ton 

20.00 

66,400 

Bedding  layer,  0 

2,120 

ton 

15.00 

31,800 

Toe  rock,  a  ton 

533 

ton 

1  5 . 00 

8,000 

Filter  cloth 

24,000 

sq. ft . 

.25 

6,000 

■1 .  Imported  Sand  Fill 

Move  sand  dike 

Add i t iona 1  sand  fill 


14,000  cu. yd.  1.50  $  21,000 
11,000  cu.  yd .  .3.00  33,000 


rOTAI.  TSTIMUFI)  CONTRACI  COST 
F.ngt  iieer  i  ng,  Contract  Admin,  b  Contingency 

TOTAL  I  SIIMMIH  I'UOTU  I  COST 


Total 

$109,300 

$229,900 

$119,800 

»  54,000 

$31 3,000 

$102,000 

$613,000 


A  I  1 


Buhne  Point/King  Salmon  Harbor 


Cost  Estimate  for  Plan  l 


I.  1200'  Combination  Groin  w/400’  f,  300’  Rubble -Mount!  Groins 


Item  Quant  ity  Un_i_t  Cost  Amount 

1.  300'  Section  of  Rubble -Mound  in  Combination  Groin 


Core  material 

660 

cu. yd . 

$  6.00 

$  4,000 

Rock  armour  stone,  4  ton 

2,250 

ton 

20.00 

45,000 

Bedding  layer,  V'  0 

1,500 

ton 

15.00 

22,500 

Toe  rock,  %  ton 

400 

ton 

15.00 

6,000 

Fi Iter  cloth 

18,000 

sq .  ft . 

.25 

4,500 

2.  900'  Section  of  H-Bcam  Pile,  in  Combination  Groin 


HP  12x74  piling 
4x12  wood  lagging 
Sand  dike  access  road 


3,910 

13,300 

12,000 


EH  32.20  $120,900 
sq.ft.  2.20  29,700 
cu.yd.  4.00  SO, 400 


3.  400'  Rock  Rubble  Mound  Grom 


Core  material 

888 

cu. yd . 

6.00 

$  5,300 

Rock  armour  stone,  4  ton 

3,000 

ton 

20.00 

60,000 

Bedding  layer,  V  0 

2,000 

ton 

15.00 

30,000 

Toe  rock,  's  ton 

533 

ton 

1  5 . 00 

8,000 

4.  300'  Rock  Rubble-Mound  Groin 

Core  material 
Rock  armour  stone,  4  ton 
Bedding  layer,  V  0 
Toe  Rock,  h  ton 


930 

cu.yd. 

6.00 

$  5,600 

2,490 

ton 

20.00 

49,50 

1,590 

ton 

1  5.00 

2  3,900 

100 

ton 

1  5 . 00 

6,000 

5.  Imported  Sand  Pill 

Move  sand  dike 
Additional  saiul  fill 


12,'.  no  cu.yd.  1.S0  $  18,  "(Hi 
12,500  cu.yd.  3.00  37,500 


TOTAI,  ESTIMATED  CD\ TRACT  CdSl 
Engineering,  Contract  Admin,  f.  Contingency 


TOTAI,  ESTIMATED  PROJECT  COST 


To  t  a  1 

$  82,000 

$207,000 

$103,300 

$  85,300 

$  50, 200 

$553,800 

$100,200 

$(,  hi, ouo 
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Buhnc  Point/King  Salmon  Harbor 
Cost  Estimate  for  Plan  F 


2000'  Permanent  Hock  Seawall  Along  Buhnc  Drive 


I  tem 

Quantity 

Unit 

Cost 

Amount 

1200'  of  Rock  Seawall  using 

6  ton  Armour  Stone 

Sand  excavation 

13,200 

cu. yd. 

$  3.00 

$  39,600 

Move/re-use  exist. 

rock 

6,000 

ton 

7.00 

42,000 

Rock  armour  stone. 

6  ton 

15,000 

ton 

20.000 

300,000 

Rock  riprap,  1  ton 

9,700 

ton 

15.00 

145,000 

Bedding  layer 

4  ,200 

ton 

12.00 

50,400 

$577,500 


800'  of  Rock  Seawall  using  4  ton  Ardour  Stone 


Sand  excavat  ion 

3,600 

cu.  yd 

3.00 

$  10,800 

Move/re-usc  exist,  rock 

4,000 

ton 

7.00 

28,000 

Rock  armour  stone,  4  ton 

5,520 

ton 

20.00 

110,400 

Rock  riprap,  3/4  ton 

4,600 

ton 

15.00 

69,000 

Redding  layer 

2,600 

ton 

12.00 

31,200 

$249,400 

Imported  Sand  Fill 

25,000 

cu.  yd 

3.00 

75,000 

TOTAL  ESTIMATED  CONTRACT  COST 

$901,900 

Engineering,  Contract  Admin. 

6  Contingency 

(20%  v) 

$178,100 

TOTA1.  ESTIMYl  El)  PROJECT  COST 


$1  ,080,000 


Buhne  Point/King  Salmon  Harbor 
Cost  estimate  for  Plan  G 


I.  Import  Sand  to  Rebuild  Spit  to  Approx.  1961  Alignment 

1.  Imported  Sand  Fill  -  490,000  cu.yds.  0  $3.50  -  $1,715,000 

2.  Engineering,  Contract  Admin.  5  Contingency  (15%  +)  -  255,000 

TOTAL  ESTIMATED  PROJECT  COST  $1,970,000 

JII.  Import  Sand  to  Rebuild  Spit  to  Approx.  1980  Alignment 

1.  Imported  Sand  Fill  -  170,000  cu.yds.  @  $3.50  -  $  595,000 

2.  Engineering,  Contract  Admin,  ti  Contingency  (15%  +)  -  85,000 

TOTAL  ESTIMATED  PROJECT  COST  $  680,000 


A- 14 


Buhne  Point/King  Salmon  Harbor 


Coat  estimate  for  Plan  H 


Combination  Groin  w/ three 

-  350’  Rod 

;  Rubble  Breakwaters 

Item 

Quantity 

Unit 

Cost 

Amount 

200'  Section  of  Rubble-Mound  in  Combination 

Groin 

Core  material 

236 

cu.  yd . 

$  6.00 

$ 

1,400 

Rock  armour  stone,  4  ton 

1,264 

ton 

20.00 

25,300 

Bedding  layer,  V  0 

1  ,028 

ton 

15.00 

15,400 

Toe  rock,  h  ton 

266 

ton 

15.00 

4,000 

Filter  cloth 

10,000 

sq.ft . 

.25 

2,500 

500'  Section  of  ll-Bcam  Pile 

is  in  Combination 

Groin 

HP  12x74  piling 

2,061 

LF 

32.20 

$ 

66,500 

1x12  wood  lagging 

7,500 

sq. ft . 

2.20 

16,500 

Sand  dike  access 

7,000 

cu.yd. 

4.00 

28,000 

Three  -  350'  Rock  Rubble  Breakwaters 

Rock  armour  stone,  6  ton 

11 ,34  0 

ton 

20.00 

$2 

126,800 

Bedding  stone,  50# 

6,300 

ton 

15.00 

94,500 

Sand  dike  access 

23,800 

cu.yd. 

4.00 

95,200 

Move  Sand  Dikes 

25,000 

cu.yd. 

1.50 

TOTAL  F.STIM\TEl>  CONTRACT  COST 
engineering.  Contract  Admin,  fi  Contingency  (2(1";  +  ) 


TOTAL  LS  I  [MATCH  PRO.ILCT  COST 


Total 

$  48,600 

$111 .000 

$llo,500 

57,500 

$61 5 , 600 
122,400 

$736,000 
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Buhne  Point/King  Salmon  Harbor 
Cost  Estimate  for  Plan  1 


X.  1200'  Combination  Groin  w/SSO'  "I"  shaped  Rubble-Mutual  Groin 

Item  Quantity  Unj_t  Cos_t  Amount 

1.  300'  Section  of  Rubble-Mound  in  Combination  Groin 


Core  material 

666 

cu.  yd. 

$  6.00 

$  4,000 

Rock  armour  stone,  4  ton 

2.2SO 

ton 

20.00 

45,000 

Bedding  layer,  V  0 

1,500 

ton 

15.00 

22,500 

Toe  rock,  h  ton 

400 

ton 

15.00 

6,000 

Filter  cloth 

18,000 

sq.  ft . 

.25 

4,500 

900'  Section  of  H-Beam  Piles  w/Wood 

Lagging 

in  Combination  lire 

HP  12x74  piling  5,940 

LI-' 

32.20 

$126,900 

4x12  treated  timber  lagging  13.500 

sq.ft. 

2.20 

29,700 

Sand  dike  access  12,600 

cu. yd. 

4.00 

50,400 

550'  "L"  Shaped  Rubble-Mound 

Groin 

Core  material 

1 , 705 

cu. yd. 

6.00 

$  10,200 

Rock  armour  stone,  4  ton 

4,565 

ton 

20.00 

9 1 , 300 

Bedding  layer,  V  0 

2,915 

ton 

15.00 

4  3,700 

Toe  rock,  %  ton 

732 

ton 

15.00 

1  1,000 

Imported  Sand  Fill 

Move  sand  dike 

12,500 

cu. yd. 

1.50 

$  18,800 

Additional  sand  fill 

12,500 

cu.  yd . 

3.00 

37,500 

TOTAL  ESTIMATED  CONTRACT  COST 
Engineering,  Contract  Ailnin.  fl  Contingency  (<’0*.  <_) 


TOTAL  ESTIMATED  PROJECT  COST 


Total 

$  82,0011 

$.'07,000 

$1  SO, 200 

S  _56_,  SOI) 

$:.oi ,  soo 

$  100^30  u 

$oo2, noo 
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Buhnc  Point /Kill}'.  S  r  1 1  •:  :<  >  1 1  Harbor 


Cost  1st  incite  for  I’lnn  .1 

SOlt'  Curved  11-Beam  1 '  i  It*  tiro  in  w/ 100'  Kubhic-Mound  Groin  5 
1  101’  Rubble-Mound  low  Sill 

Item  Quantity  Unit  Cost  Amount  Total 

1.  livin'  II  Hearn  Pile  w/lV>od  Lagging  Groin 


HP  12x74  piling  5,850 
4x12  treated  timber  lagging  20,800 
Sand  dike  access  18,200 


4.4)'  Rubble  Mound  Groin 


Core  material  1,105 
Rock  armour  stone,  1  ton  5,755 
Redding  layer,  Q  7, 585 
Too  rock,  '2  ton  G00 


5.  950'  Rubble  Mound  Sill 


Rock  armour  stone,  1  ton  5,505 
Redding  stone,  50'  4,180 
Pi  1  ter  c 1  nth  11, 800 
Sand  dike  access  15,500 

4.  Move  Sand  Dike  25,000 


LF  $32.20  $188,400 
sq.ft.  2.20  45,800 
cu.yd.  4. 00  72,800 

$307,000 


cu.yd.  6.00  $  8,400 

ton  20.00  74,700 

ton  15.00  .35,800 

ion  15.00  9,000 

$127,900 


ton 

20.00 

$  71 ,300 

ton 

15.00 

62,700 

sq. ft. 

.25 

2,900 

cii.  yd. 

4.00 

53,200 

$190,100 

cu.yd. 

1.50 

$  37,300 

T0T\l  liSTIM  VIT.I)  CON  I  RAC  I  COST 


$662,500 


ling  1  nee  r  mg ,  Contract  Admin,  a  Contingency  (20°  +1 


$132,500 


TOTM,  l.SilMAIlD  PRO. J  lit  1  COST 


$795,000 


A-  17 


£ 
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APPENDIX  B 

WAVE  DATA  STATISTICS  and  SUMMARY 

for 


HUMBOLDT  BAY  AREA 


WAVE  DATA  STATISTICS 


The  -following  pages  of  data  wort1  n-prcJ'.’t  Ire  '  h 

California  Coastal  Data  Col  lectie-n  Pr  ■  gr  a::.- '  s  cion  “•  til  y  r>-;- 

and  from  the  Deep-Water  Wave  Statistics  tor  the  Calif  . 1 1 

Coast ,  Report  for  Station  2.  This,  data,  nl  on.*}  *.  ‘  h 

summary  sheet,  were  used  to  select  the  design  wave  rorv'i  ..  1 1 

that  the  Pacific  llceon  area  could  rp.itun;  tiy  bt-  e  pr-cVed  i 

experience  on  a  recurring  basts.  Wave  heigh;  i  are  rnir.i'iis 

as  the  H  or  H  value.  The  y:  g:.i  ficnt  wave  taught,  is  th 
S  1  /3 


aver. tec-  height  cf  the  highest  norco.:.:  of  w.'.vc:;  for 


specified  time  period.  The  She-.-  Protection  haon  •; 

reccm.  ends  that  the  H  wave  he'uht  hr  used  i  s  t ho  d.'.in 

10 

wave  .'eght  along  tho  North  Pacific  Coast.  Thu  H  i-„*. v 

1 ' 1 


heigh1’  is  the  average  height 
wave  tor  the  specified  time. 
\G  ?■  if  .lave  height  uair.  j  the 


of  the  highest  !  ( > 
The  tl  i-svp  can 


3  /  f 

c  QLCtirn  ; ! 

10 


pen  cat. 
bo  t:c  r.v 
>.  H  . 


H  ? 


CALIFORNIA  COASTAL  DATA  PROGRAM 


sA 


Humboldt  Bay  Wave  Rider  < Inner) 

Number  Of  Day5  in  Month  That  Significant  Wave  Height  t  18-f  ret 
Wave  Height-  —  -  Total 

YEAR  1991  YEAR  1982  Occ's 

(Feet)  -JAN  FEB  — AR  APR  MAY  JUN  JUL  AUG  OCT  NOV  JAN  FED  MAR  APR  MAY  (Days) 

18*  3 . 1  —  -  4 

16-18  2  -  -  ---------  2  4 

14-16  3I2-----I34-2--  16 

1214  1  24  2  -  1  -  -  235  -  Z  1  1  23 

10-12  0  2  931  1  -144  1640  46 

0  1*)  1  467024-54  42445  57 

68  26411  65  10  0572  1  4  79  87 

4  6  <)  5  ’  5  11  12  9  13  12  2  2  2  .3  9  5  95 

2  4  O  3  O  2  7  7  6  10  4  1  l  1  1  3  6  52 

0  2  14  5  3  0  12  2-1  0*  0«  -  1  O  O  29 

Total  51  28  5 1  30  2 1  30  3 1  31  31  25  20  /  24  30  31  411 

•  Gage  not  recording  part  of  month 


DEEP-WATER  WAVE  STATISTICS 
of  the 

CALIFORNIA  COAST — STATION  2 
January  1951-1974 

PERIOD  FREQUENCY  OF  OCCURRENCE  DISTRIBUTION 
COMBINED  SEA/SWELL 

WAV!  tihOID  TOTAL 


(Sf  rur.'l*-,  > 

4-6 

f.  8 

8-10 

lu-12 

12-14 

14-16 

16-* 

occ*< 

wwr  nr  turn 

<1  c-et  > 

2 

10 

- 

14 

19.  7-25.  Cl 

17 

2 

- 

- 

19 

16.4- 19. / 

19 

30 

5 

2 

- 

64 

I  3.  1  -  16.  4 

l 

1  12 

7 

1  7 

3 

- 

140 

_  9.8-15.1 

1  1  4 

220 

-58 

22 

5 

3 

4u2 

0.2  09. H 

289 

34 

38 

18 

9 

6 

394 

6.  6-  08. 2 

1  5 

49 ; 

107 

37 

41 

14 

21 

726 

4.906. 6 

5/2 

49  V 

1  _>5 

8/ 

64 

62 

58 

1357 

5.  5  u4.  9 

954 

5  29 

Ib9 

121 

183 

147 

21 

1909 

—  1.6  05.5 

63  ’ 

2  51 

1  15 

1  1  1 

270 

55 

4 

1469 

0. Out. 6 

in 

7*/ 

51 

16 

65 

15 

5 

213 

TOTAL 

20  1  2 

2o5  1 

942 

5  1  2 

700 

514 

9  b 

660  7 

H-3 


HUMBOLDT  BAY  BUOY  (OUTER) 
JAN  1981 


PERSISTENCE 

CONSECUTIVE  DAYS  <1  OR  MORE)  SIGNIFICANT 
WAVE  HEIGHT  IS  -N-  FEET  OR  LESS 


FEET  DAYS 

1  0. 

2  0. 

3  0. 

4  0, 

5  0. 

6  0. 

7  O. 

8  1.  1. 

9  1.  2. 

10  1.  2. 


11 

12 

MAXIMUM  DAILY 

DATE  <  JAN) 

1.  2.  3. 

2 >  1 <  3*  3j 

SIGNIFICANT  WAVE  HEIGHT  FOR 

12  3  4 

JAN  1981 

5  6 

7 

SIG. HT  (FT.  ) 

0.  0 

0.  0 

0.  0 

O.  O 

0.  O 

DATE  <  JAN) 

8 

9 

12 

13 

14 

SIG.  HT  (FT.  ) 

0.  O 

0.  0 

0.  0 

0.  O 

0.  0 

O.  O 

0.  0 

DATE  (  JAN ) 

15 

16 

17 

18 

19 

20 

21 

SIG.  HT  (FT.  ) 

12.  0 

11.  1 

15.  1 

12  4 

14.  2 

18  1 

21.  5 

DATE  (  JAN) 

22 

23 

24 

25 

26 

27 

20 

SIG.  HT  (FT.  ) 

19.  0 

16.  5 

11.0 

8.  0 

12.  3 

17.  7 

14.  5 

DATE  (  JAN) 

29 

30 

31 

SIG  HT  (FT. ) 

11.  5 

9.  4 

7.  7 

B-6 


H'JfiUDwL'T  DAV  PDC’V  (  INNER '■ 
rEE  :98: 


RERSISTENCE 

:aw3=Eu-rivE  days  <  •  dr  more  signi-ican’ 
WAVE  HEIGHT  IE  -N-  FEE'  OF.  '_EES 


_ 

7 

B 

9 

10 

11 

12 

9,  1, 

12,  1. 

13.  1, 

13,  2. 

16,  1, 

19,  1, 

1. 

1, 

1, 

1. 

1, 

2, 

1. 

2, 

1,  2, 

1.  2, 

2, 

MAXIMUM 

DAILY 

SIGNIFICANT  WAVE 

HEIGHT  FOR 

FEB 

1981 

- 

DATE  ( 

FED  ) 

1 

2 

3 

4 

5 

6 

7 

SIG.  HT 

(FT.  ) 

8  6 

8.  1 

6  4 

5.  5 

4.  4 

3.  9 

3.  9 

DATE  ( 

FEB) 

8 

9 

10 

1 1 

12 

13 

14 

- 

SIG.  HT 

(FT.  ) 

5.  0 

3.  4 

4.  1 

0.  3 

7.  6 

7.  9 

10.  9 

DATE  ( 

FEB) 

15 

16 

17 

18 

19 

20 

21 

SIG.  HT 

(FT.  ) 

9.  6 

7.  4  1 

2.  2 

7.  3 

12.  1 

16.  0 

9  2 

DATE  ( 

FEB  ) 

.72 

23 

24 

25 

26 

27 

28 

' 

SIC  HT 

(FT.  ) 

0.  0 

0.  0 

0.  0 

0.  0 

0.  O 

7  1 

8  1 

. 

DATE.  ( 

FEB  ) 

29 

30 

31 

S  7  C.  HT 

(FT  ) 

0  0 

O  0 

0  0 

HUMBOLDT  BAY  BUOY  (INNER) 
MAR  1981 


PERSISTENCE 

CONSECUTIVE  DAYS  <1  OR  MORE)  SIGNIFICANT 
WAVE  HEIGHT  IS  -N-  FEET  OR  LESS 


t 

FEET  DAYS 

1  O. 

2  O. 

3  0. 

4  O. 

5  1, 

6  1.2, 

7  1.  1.  1,  2. 


8 

1.  1. 

1, 

1. 

1, 

1, 

2. 

1. 

1 

9 

3.  1. 

1, 

1, 

2. 

2. 

1. 

1. 

i 

10 

3,  2. 

1. 

1. 

1, 

5. 

1. 

2, 

I 

11 

3.  2, 

1. 

2. 

1. 

5. 

1, 

1  /  P 

i 

t 

12 

3,  2. 

6# 

1. 

4. 

,  MAXIMUM 

DAILY 

SIGNIFICANT  WAVE  HEIGHT  FOR 

MAR 

1981 

j  DATE  ( 

MAR) 

1 

2 

3 

4 

5 

6 

7 

1  SIG.  HT 

(FT.  ) 

6.  8 

8.  9 

5.  5 

14.  7 

10.  0 

8  2 

14.  3 

DATE  ( 

MAR) 

8 

9 

10 

11 

12 

13 

14 

!  SIG.  HT 

I 

(FT.  ) 

13.  7 

9.  6 

11.  9 

11.  5 

7  3 

11.  7 

7.  5 

DATE  ( 

MAR) 

15 

16 

17 

10 

19 

20 

21 

SIG.  HT 

(FT.  ) 

13.  1 

11.6 

9.  1 

8.  1 

10.  3 

5.  8 

5.  3 

DATE  C 

MAR) 

22 

23 

24 

25 

26 

27 

28 

SIG.  HT 

(FT.  ) 

0.  0 

0.  0 

0.  0 

11.  0 

12.  7 

13.  9 

7.  5 

DATE  < 

MAR) 

29 

30 

31 

SIG.  HT 

(FT.  ) 

11.9 

10  4 

9.  2 

It- 8 


HUMDOLDT  DAY  OUOY  (INNER) 
APR  1981 


PERSISTENCE 

CONSECUTIVE  DAYS  (1  OR  MORE)  SIGNIFICANT 


WAVE  height 

IS  -N- 

FEET  OR 

LESS 

FEET 

DAYS 

1 

0, 

2 

0, 

3 

1,  1. 

4 

1-  1. 

5 

2,  I. 

2, 

1, 

6 

4,  1. 

2, 

1 . 

7 

1.  1. 

7, 

1,  7 

a 

2,  2, 

11. 

8. 

9 

2,  14, 

8, 

10 

2,  15, 

8, 

1 1 

4,  24, 

12 

5,  24, 

'  MAXIMUM 

DAILY 

SIGNIFICANT  WAVE 

HEIGHT 

FDR 

APR 

1981 

.  DATE  < 

APR  ) 

1 

2 

3 

4 

5 

6 

7 

SIG.  HT 

(FT  ) 

10.  5 

11.0 

CD 

* 

O 

7  2 

12.  3 

13.  2 

9  7 

DATE  < 

APR  ) 

8 

9 

10 

1 1 

12 

13 

14 

-  SIG  HT 

(FT  ) 

7  1 

a  i 

8.  5 

B.  4 

8.  2 

4.  5 

3  1 

DATE  ( 

APR  ) 

15 

16 

17 

IB 

19 

20 

21 

SIG.  HT 

(FT  ) 

3.  6 

6.  2 

7  3 

7.  4 

4.  7 

7  8 

7.  1 

DATE  ( 

APR  ) 

22 

23 

24 

25 

26 

27 

28 

SIG. HT 

(FT  ) 

10.  6 

a  3 

7  2 

6.  6 

4.  9 

3.  4 

6  9 

DATE  ( 

APR  ) 

29 

30 

31 

SIC  Hf 

(FT  ) 

7  3 

4.  6 

0  0 

|!  <i 


HUMBOLDT  BAY  BUOY  (INNER) 
MAY  1981 


PERSISTENCE 

CONSECUTIVE  DAYS  (1  OR  MORE)  SIGNIFICANT 
WAVE  HEICHT  IS  -N-  METERS  OR  LESS 


METERS 

DAYS 

0.  50 

0, 

1.  00 

1. 

1. 

1.  50 

1. 

1. 

2.  00 

6. 

6 

2.  50 

7, 

20 

3.  00 

9, 

21 

3.  50 

31. 

4.  00 

31, 

4.  50 

31, 

5.  00 

31, 

5.  50 

31, 

6.  00 

31, 

MAXIMUM  DAILY  SIGNIFICANT  WAVE  HEIGHT  FOR  MAY  1931 


DATE 

<  MAY) 

1 

2 

3 

4 

5 

6 

SIG.  HT  <M.  ) 

2.  5 

2.  5 

1.  8 

1.  7 

2  0 

1.  7 

1 

DATE 

(  MAY ) 

8 

9 

10 

1 1 

12 

13 

SIG.  HT  (M.  ) 

0.  9 

2.  8 

3.  4 

2.  6 

2.  1 

0.  9 

1. 

DATE 

(  MAY ) 

15 

16 

17 

IS 

19 

20 

SIG. HT  (M  ) 

1.  8 

1.  7 

1.  0 

1.  9 

2.  1 

1.  9 

1 

DATE 

(  MAY) 

22 

23 

24 

25 

26 

27 

Sie.  HT  (M.  )  1.2  12  12  1.6  1.0  1.4 


DATE  (  MAY)  29  30  31 


SIG.  HT  (M.  )  1.4  2.  2  19 


H- 10 


HUMHOLDr  L’AY  DL'OY  (INNER) 
JUI I  1901 


PERSISTENCE 


consecutive  days 

<  1  OR 

MORE  > 

SIGNIFICANT 

- 

WAVE  HEIGHT 

IS  -N- 

METERS 

OR  LESS 

METERS 

DAY3 

0  50 

0. 

1.  00 

C  1 

1, 

1.  50 

3. 

5. 

2. 

1,  1,  1 

- 

2.  00 

13. 

6. 

1. 

1.  2, 

2.  50 

13. 

6. 

1 . 

2,  2, 

3.  00 

13. 

6. 

4, 

n 

3.  50 

13. 

6, 

5. 

3. 

4,  00 

13. 

6, 

9, 

4.  50 

13. 

6, 

9, 

5.  00 

13. 

6. 

9, 

5.  50 

13. 

6, 

9. 

6.  00 

13. 

6, 

9, 

MAXIMUM 

DAILY 

SIGNIFICANT  WAVE 

HEIGHT 

FOR 

JUN 

1901 

DATE  ( 

JUN) 

1 

e. 

3 

4 

5 

6 

7 

SIG  HT 

(M.  ) 

1.  5 

0  9 

1  0 

1  6 

1.  6 

2  0 

1  7 

DATE  < 

JUN) 

8 

9 

10 

1  1 

12 

13 

14 

SIG  HT 

<M  ) 

1  7 

1  3 

1.  3 

1  1 

1.  2 

1 . 2 

0  0 

DATE  ( 

JUN) 

15 

16 

17 

10 

19 

20 

21 

SIG.  HT 

<M  ) 

0  9 

1  3 

1. 9 

1.  6 

1  4 

1.  6 

0,  0 

DATE  ( 

JUN  ) 

"I"-! 

23 

24 

2D 

26 

27 

2B 

SIG  HT 

( M  ) 

1  5 

2.  0 

2.  1 

1  9 

3.  4 

3.  7 

2  / 

DATE  ( 

JUN) 

29 

30 

31 

SIG  HT 

(fi.  > 

2  0 

1  0 

0  0 

ft  I  I 


HUMBOLDT  BAY  BUOY  (INNER) 
JUL  1981 


PERSISTENCE 


ISECUTIVE 

DAYS  < 1 

OR 

MORE) 

SIGNIFICANT 

WAVE  HEIGHT  IS 

-N- 

METERS 

OR  LESS 

METERS 

DAYS 

0.  5 

0, 

1.  0 

O, 

1.  5 

1. 

1. 

2.  0 

4. 

1. 

2. 

2.  5 

4, 

4, 

4. 

2,  1, 

3.  0 

11. 

8, 

7. 

3.  5 

12, 

10, 

7, 

4.  O 

12. 

10, 

7. 

4.  5 

12. 

10, 

7. 

5.  0 

12. 

10. 

7- 

5.  5 

12, 

10, 

7. 

6.  0 

12, 

10, 

7, 

MAXIMUM  DAILY  SIGNIFICANT  WAVE  HEIGHT  FOR  JUL  1981 


DATE  ( 

JUL) 

1 

2 

3 

4 

5 

6 

7 

SIG.  HT 

(M.  ) 

3.  0 

2.  5 

1.  2 

O.  8 

1  2 

1.  4 

2.  1 

DATE  ( 

JUL) 

8 

9 

10 

11 

12 

13 

14 

SIC.  HT 

(M.  ) 

2.  2 

0  8 

1.  6 

1.  8 

1.  6 

O.  0 

2.  1 

DATE  ( 

JUL) 

15 

16 

17 

18 

19 

20 

21 

SIG.  HT 

<M  ) 

2.  2 

1.  8 

1.  4 

1.  1 

1.  6 

2.  1 

2.  2 

DATE  < 

JUL) 

22 

23 

24 

25 

26 

27 

28 

SIG.  HT 

(M.  ) 

2.  5 

2.  9 

0  0 

2.  3 

2.  2 

1.  7 

i  7 

DATE  ( 

JUL) 

29 

30 

31 

SIG.  HT 

(M  ) 

2.  1 

2.  1 

1  9 

B-12 


HUMBOLDT  BAY  BUOY  (INNciR) 
AUG  1981 


PERSISTENCE 

CONSECUTIVE  DAYS  <1  OR  MORE)  SIGNIFICANT 
WAVE  HEIGHT  IS  -N-  METERS  OR  LESS 


METERS 

DAYS 

0.  5 

0, 

1.  0 

0. 

1.  5 

3. 

6, 

2.  0 

5. 

7, 

2.  5 

7, 

3, 

3.  0 

31. 

3.  5 

31. 

4.  0 

31. 

4.  5 

31. 

5.  0 

31. 

5.  5 

31. 

6  0 

31. 

MAXIMUM  DAILY  SIGNIFICANT  WAVE  HEIGHT  FOR  A'JG  1931 


DATE  ( 

AUG) 

1 

2 

3 

4 

5 

6 

7 

SIG.  HT 

(M.  ) 

1.  1 

CD 

6 

0.  7 

0  8 

1.  4 

1.  6 

1  8 

DATE  ( 

AUG) 

8 

9 

10 

1 1 

12 

13 

14 

SIG.  HT 

(M  ) 

2.  2 

1  0 

1.  7 

1.  0 

2.  3 

2  2 

1.  7 

DATE  ( 

AUG  ) 

15 

16 

17 

IB 

19 

20 

21 

SIC. HT 

(M.  ) 

1.  4 

0,  8 

0.  7 

0  9 

0.  9 

O.  7 

0,  7 

DATE  C 

AUG  ) 

22 

23 

24 

25 

26 

27 

28 

SIG  HT 

c  r-i  ) 

1 .  6 

2.  3 

1  7 

1  .  4 

1.  4 

2.  4 

2.  2 

DATE  ( 

AUG  ) 

29 

30 

31 

SIG  HT 

( M  ) 

1.  3 

2  1 

2  3 

* 

H-  I  s 


HUMBOLDT  BAY  BUOY  (INNER) 
OCT  1981 


PERSISTENCE 

CONSECUTIVE  DAYS  <1  OR  MORE)  SIGNIFICANT 
NAVE  HEIGHT  IS  -N-  METERS  OR  LESS 


METERS 

DAYS 

0.  5 

0, 

1.  0 

1. 

2. 

1.  5 

1. 

6. 

1, 

2.  0 

3, 

10. 

3, 

2 

2.  5 

4. 

16, 

2. 

1 

3.  0 

6. 

16, 

3, 

1 

3  5 

6, 

16, 

3, 

2, 

4.  0 

6. 

16. 

6, 

4.  5 

24, 

6, 

5.  0 

24, 

6, 

5.  5 

24, 

6. 

6.  O 

24, 

6. 

MAXIMUM  DAILY  SIGNIFICANT  WAVE  HEIGHT  FOR  OCT  19B1 


DATE  < 

OCT) 

1 

2 

3 

4 

5 

6 

7 

SIG.  HT 

<  M  ) 

2  5 

2  2 

1.  8 

1.  7 

1.  3 

2.  9 

4  3 

DATE  ( 

OCT) 

8 

9 

10 

11 

12 

13 

14 

SIG  HT 

(M  ) 

4.  2 

2.  2 

2  4 

1. 8 

1  7 

1.  7 

1  4 

DATE  < 

OCT) 

15 

16 

17 

IB 

19 

20 

21 

SIG.  HT 

(M.  ) 

0  9 

1.  1 

1.  0 

0.  8 

1.  0 

1.  8 

2.  1 

DATE  < 

OCT) 

22 

23 

24 

25 

26 

27 

20 

SIG.  HT 

CM  ) 

1.  6 

1  3 

1.  5 

0.  0 

1.  8 

1.  6 

2.  8 

DATE  ( 

OCT) 

29 

30 

31 

SIG.  HT 

(M.  ) 

3.  8 

3.  1 

2  3 

B- 14 


HUM30LDT  BAY  BUOY  (INNER) 
NOV  1901 


PERSISTENCE 

CONSECUTIVE  DAYS  (1  OR  MORE)  SIGNIFICANT 
NAVE  HEIGHT  IS  -N-  METERS  OR  LESS 


METERS 

DAYS 

0.  5 

0, 

1.  0 

0, 

1.  5 

2. 

2.  0 

1. 

3, 

2.  5 

3, 

5, 

1, 

3.  0 

9, 

1. 

2, 

3.  5 

9. 

6, 

2, 

4.  0 

11. 

7, 

2. 

4.  5 

13. 

0. 

2, 

5.  0 

13, 

11, 

5.  5 

13. 

11, 

6  0 

13, 

11. 

MAXIMUM  DAILY  SIGNIFICANT  HAVE  HEIGHT  FOR  NOV  1901 


DATE  ( 

NOV) 

1 

2 

3 

4 

5 

6 

7 

SIG.  HT 

<  M.  ) 

2.  3 

1  9 

2.  3 

3.  0 

2.  1 

2.  1 

1.  8 

DATE  < 

NOV) 

8 

9 

10 

1  1 

12 

,  13 

14 

SIG.  HT 

(M  ) 

1.  4 

1  1 

3  7 

4.  0 

4.  5 

4.  4 

7.  1 

DATE  ( 

NOV) 

15 

16 

17 

10 

19 

20 

21 

SIG.  HT 

(M.  ) 

3.  6 

2.  3 

3.  1 

2.  9 

2.  4 

3.  5 

2,  5 

DATE  ( 

NOV ) 

22 

23 

24 

25 

26 

27 

28 

SIC  HT 

( M  ) 

4.  2 

4  G 

3.  4 

2.  4 

0.  0 

0  O 

0.  0 

DATE  ( 

NOV ) 

29 

30 

31 

SIG.  HT 

(M  ) 

0.  0 

0  0 

0  0 

B  I  S 


HUMBOLDT  BAY  BUOY  (INNER) 
JAN  19S2 


PERSISTENCE 


CONSECUTIVE 

DAYS  <1 

OR  MORE) 

SIGNIFICANT 

WAVE  HEIGHT  IS  - 

N-  METERS 

OR  LESS 

METERS 

DAYS 

0.  3 

0. 

1.  0 

0. 

1.  5 

1. 

1. 

2.  0 

4. 

2.  5 

5. 

3.  0 

5. 

1.  3. 

3.  5 

3/ 

1.  4, 

3, 

A.  0 

5. 

6,  1, 

3. 

4.  5 

5. 

7,  5. 

5.  0 

20. 

3.  5 

20. 

6.  0 

20. 

MAXIMUM  DAILY  SIGNIFICANT  WAVE  HEIGHT  FOR  JAN  1982 


DATE 

{  JAN) 

1 

2 

3 

4 

3 

6 

7 

SIG.  HT  (M.  )  ( 

0.  0 

0.  0 

0.  0 

O 

o 

O 

o 

1 

0.  0 

0.  0 

DATE 

(  JAN) 

B 

9 

10 

11 

12 

13 

14 

SIG.  HT  (M.  ) 

0.  O 

0.  0 

0.  0 

0.  0  ) 

2.  2 

1.  9 

1.  3 

DATE 

(  JAN) 

13 

16 

17 

18 

19 

20 

21 

SIG.  HT  < M.  ) 

1.  6 

1.  1 

4.  B 

4.  3 

4.  1 

2.  5 

4.  0 

DATE 

(  JAN) 

22 

23 

24 

23 

26 

27 

23 

SIG.  HT  (M.  ) 

3.  0 

2.  3 

2.  9 

3.  4 

4.  B 

3.  7 

4.  3 

DATE  <  JAN)  29  30  31 


SIG.  HT  (M.  )  3.  3  3.  3  3.  3 


B-  16 


HUMBOLDT  E AY  DUOY  (INNER) 
FEB  1982 


PERSISTENCE 

CONSECUTIVE  DAYS  <1  OR  MORE)  SIGNIFICANT 
WAVE  HEIGHT  IS  -N-  METERS  OR  LESS 


METERS 
0.  3 
1.  0 

1.  5 

2.  O 

2.  5 

3.  0 

3.  5 

4.  0 

4.  3 

5.  0 

5.  3 

6.  0 


DAYS 

0. 

0, 

2. 

3, 

I,  3, 

6, 

7, 

7, 

7. 

7. 

7. 

7. 


MAXIMUM  DAILY  SIGNIFICANT  WAVE  HEIGHT  FOR  FEB  19B2 


DATE  ( 

FEB) 

* 

2 

3 

4 

5 

6 

7 

SIC.  FIT 

( M.  ) 

3.  2 

2.  6 

2.  0 

2.  9 

1.  B 

1.  4 

1.  2 

DATE  < 

FEB) 

8 

9 

10 

11 

12 

13 

14 

SIG.  HT 

(M.  ) 

0.  0 

0.  0 

0.  0 

0.  O 

0.  0 

0.  0 

0.  0 

DATE  < 

FEB) 

15 

16 

17 

IB 

19 

20 

21 

SIG.  HT 

<M  ) 

0.  0 

0.  0 

0.  0 

0.  0 

0.  0 

0.  0 

0.  0 

DATE  < 

FEB) 

22 

23 

24 

25 

26 

27 

28 

SIG.  HT 

(M.  ) 

0.  0 

0.  0 

0.  0 

0.  0 

0.  0 

0.  0 

0.  0 

DATE  < 

FEB) 

29 

30 

31 

SIG.  HT 

(M.  ) 

0.  0 

0.  0 

0.  0 

R  1" 


_,-+gz2* 


HUMBOLDT  BAY  BUOY  (INNER) 
MAR  1982 


PERSISTENCE 

CONSECUTIVE  DAYS  <1  OR  MORE)  SIGNIFICANT 
WAVE  HEIGHT  IS  -N-  METERS  OR  LESS 


METERS 

0.  3 

1.  0 

DAYS 

0. 

0. 

1.  3 

1, 

1 

2.  0 

2, 

1 

2.  3 

2. 

3, 

3.  0 

2. 

1, 

3.  3 

3. 

4, 

4.  0 

5, 

5, 

4.  5 

11. 

9, 

5.  O 

11, 

11, 

5.  3 

11. 

11, 

6.  0 

11. 

11, 

MAXIMUM  DAILY  SIGNIFICANT  WAVE  HEIGHT  FOR  MAR  1902 


DATE  ( 

MAR) 

1 

2 

3 

4 

3 

6 

7 

SIG.  HT 

(M.  ) 

0.  0 

0.  0 

0.  0 

0.  0 

o 

o 

0.  0 

O.  0 

DATE  < 

MAR) 

a 

7 

10 

11 

12 

13 

14 

SIG.  HT 

(M.  ) 

0.  0 

1.  3 

1. 6 

3.  1 

2.  7 

3.  3 

4.  1 

DATE  ( 

MAR) 

13 

16 

17 

IQ 

19 

20 

21 

SIG.  HT 

(M.  ) 

3.  7 

2.  5 

3.  3 

3.  0 

2.  6 

0.  O 

1.  4 

DATE  ( 

MAR  ) 

22 

23 

24 

23 

26 

27 

28 

SIG.  HT 

(M.  ) 

2.  2 

2.  2 

2.  3 

2.  0 

3.  4 

3.  1 

3.  1 

DATE  < 

MAR) 

29 

30 

31 

SIG.  HT 

(M.  ) 

3.  7 

4.  6 

3.  1 

IS- 18 


-;UMBOLDT  BAY  BUOY  (INNER) 
APR  1982 


£ 


> 


PERSISTENCE 


CONSECUTIVE 

DAYS  ( 1 

OR  MORE) 

SIGNIFICANT 

NAVE  HE 

I GHT  IS 

-N-  METERS 

OR  LESS 

tIETERS 

DAYS 

0  5 

0. 

1.  0 

1. 

1, 

1.  5 

2. 

2,  2, 

2  0 

3, 

1,  8. 

2.  5 

1. 

1.  4. 

2.  11, 

3.  0 

1. 

9,  2. 

11. 

3.  5 

1, 

10,  3, 

12. 

4.  0 

1. 

10.  16, 

4.  5 

1. 

27, 

5.  0 

30. 

5.  S 

30. 

6.  0 

30, 

r 

MAXIMUM 

DAILY 

SIGNIFICANT  WAVE  HE 

I  GHT  FOR 

APR 

1982 

1 

DATE  < 

APR  ) 

l 

2 

3 

4 

5 

6 

7 

i 

i 

SIG.  HT 

(M.  ) 

2.  3 

4.  9 

4.  9 

2.  4 

2.  7 

2.  9 

2.  1 

i 

DATE  ( 

APR  ) 

8 

9 

10 

11 

12 

13 

14 

r 

SIG.  HT 

<M.  ) 

1.  0 

1.  4 

I.  7 

2.  9 

2.  7 

3.  4 

4.  1 

J 

DATE  ( 

APR  ) 

15 

16 

17 

18 

19 

20 

21 

T 

} 

SIG.  HT 

(M.  ) 

3.  1 

2.  3 

1.  6 

3.  5 

3.  1 

1.  3 

1.  1 

r 

DATE  < 

APR  ) 

22 

23 

24 

25 

26 

27 

28 

SIG.  HT 

(M  ) 

1.  8 

1.  7 

1.  8 

1.  7 

1.  4 

O.  9 

2.  3 

< 

DATE  ( 

APR  ) 

29 

30 

31 

< 

SIG.  HT 

(M.  ) 

2.  4 

2.  2 

0.  0 

( 


B  -  1  !l 


HUMBOLDT  BAY  BUOY  (INNER) 
MAY  1982 


PERSISTENCE 


CONSECUTIVE 

DAYS  ( 1 

OR  MORE) 

SIGNIFICANT 

WAVE  HEIGHT  IS  - 

N-  METER 

S  OR  LESS 

METERS 

DAYS 

0.  5 

0, 

1.  0 

1. 

1, 

1.  5 

1. 

5, 

2.  0 

2. 

l.  a, 

1.  1, 

2.  3 

2, 

2.  a. 

3,  1, 

3.  0 

2. 

13,  4, 

1.  4, 

3.  5 

3. 

20.  6, 

4.  0 

31. 

4.  5 

31. 

5.  O 

31, 

5.  5 

31, 

6.  0 

31. 

MAXIMUM 

DAILY 

SIGNIFICANT  WAVE  HEIGHT  FOR 

MAY 

1982 

DATE  < 

MAY) 

1 

2 

3 

4 

5 

6 

7 

SIC.  HT 

(M.  ) 

1.  5 

1.  5 

3.  3 

3.  5 

2.  9 

1.  8 

2.  5 

DATE  ( 

MAY) 

8 

9 

10 

11 

12 

13 

14 

SIC.  HT 

(M.  ) 

2.  9 

1.  9 

1.  9 

1.  9 

1.  1 

1.  1 

0.  8 

DATE  ( 

MAY) 

15 

16 

17 

IS 

19 

20 

21 

SIG.  HT 

<M.  ) 

1.  2 

0.  9 

2.  a 

3.  1 

2.  6 

1.  6 

2.  1 

DATE  ( 

MAY) 

22 

23 

24 

25 

26 

27 

28 

SIG.  HT 

(M.  ) 

2.  1 

3.  0 

2.  4 

4.  0 

3.  3 

3.  2 

2.  4 

DATE  ( 

MAY) 

29 

30 

31 

SIG.  HT 

(M.  ) 

2.  4 

2.  0 

1.  6 

B-20 


HUMBOLDT  COAST  GUARD 
NOV  1991 


PERSISTENCE 

CONSECUTIVE  DAYS  (1  OR  MORE)  SIGNIFICANT 
NAVE  HEIGHT  IS  -N-  METERS  OR  LESS 


3. 


METERS 

DA 

0  5 

3, 

1.  0 

13, 

1.  5 

13, 

2.  0 

13, 

2.  5 

13, 

3.  0 

13, 

3.  5 

13, 

4.  0 

13, 

4.  5 

13, 

5  0 

13, 

5  5 

13, 

6.  0 

13, 

MAXIMUM  DAILY  SIGNIFICANT  WAVE  HEIGHT  FOR  NOV  1931 


r 


DATE  ( 

NOV) 

1 

2 

3 

4 

5 

6 

7 

SIG.  HT 

( M.  ) 

0.  o 

o 

6 

0.  0 

o 

o 

0.  0 

O 

o 

O.  0 

DATE  ( 

NOV) 

8 

9 

10 

11 

12 

13 

14 

SIG. HT 

<  M.  ) 

0.  0 

0.  0 

0.  0 

0.  o 

0.  0 

o 

o 

o 

6 

DATE  ( 

NOV) 

IS 

16 

17 

18 

19 

20 

21 

SIG. HT 

(M.  ) 

0.  0 

0.  0 

0.  0 

0.  3 

0.  4 

0.  3 

0.  6 

DATE  ( 

NOV) 

23 

23 

24 

25 

26 

27 

28 

SIG. HT 

(M.  > 

0.  6 

0.  3 

0.  3 

0.  5 

0.  5 

0.  3 

0.  4 

DATE  ( 

NOV) 

29 

30 

31 

SIG.  HT 

(M  ) 

0.  4 

0  4 

0.  0 

11-2 1 


I 

I 


HUMBOLDT  COAST  GUARD 
DEC  1981 


PERSISTENCE 

CONSECUTIVE  DAYS  Cl  OR  MORE)  SIGNIFICANT 
NAVE  HEIGHT  IS  — N—  METERS  OR  LESS 


METERS 

DAYS 

0.  5 

23, 

1.  0 

31. 

1.  5 

31, 

2.  0 

31, 

2.  5 

31, 

3.  0 

31, 

3.  5 

31. 

4.  0 

31, 

4.  5 

31, 

5.  0 

31, 

5.  5 

31, 

6.  0 

31, 

MAXIMUM  DAILY  SIGNIFICANT  WAVE  HEIGHT  FOR  DEC  1981 


i 


DATE  C 

DEC) 

1 

2 

3 

4 

5 

6 

7 

!  SIG.  HT 

| 

CM.  > 

o 

0.  4 

0.  4 

o 

u > 

0.  4 

0.  4 

0.  4 

1 

1  DATE  ( 

DEC) 

a 

9 

10 

11 

12 

13 

14 

|  SIG.  HT 

i 

(M.  ) 

O.  3 

0.  3 

0.  2 

0.  3 

0.  4 

0.  5 

0.  5 

i 

DATE  ( 

DEC) 

15 

16 

17 

IB 

19 

20 

21 

|  SIG.  HT 

1 

CM.  ) 

0.  4 

0.  1 

0.  4 

0.  3 

0.  3 

0.  4 

0.  2 

I 

1  DATE  ( 

t 

DEC) 

22 

23 

24 

25 

26 

27 

2a 

SIG.  HT 

(M.  > 

O.  1 

n 

6 

0.  7 

0.  4 

0.  4 

0.  3 

0.  3 

DATE  C 

DEC) 

29 

30 

31 

■  SIG.  HT 

CM.  ) 

0.  2 

0.  2 

0.  3 

i 


I 

! 


B-22 


I  111  iijmiwa^ 


HUMBOLD T  COAST  GUARD 
JAN  1982 


PERSISTENCE 

CONSECUTIVE  DAYS  <1  OR  MORE)  SIGNIFICANT 
WAVE  HEIGHT  IS  — N—  METERS  OR  LESS 


METERS 

DAYS 

0.  5 

31. 

1.  0 

31. 

1.  5 

31. 

2  0 

31. 

2.  5 

31. 

3  0 

31. 

3.  5 

31. 

4  0 

31. 

4  5 

31. 

5  0 

31. 

5.  5 

31, 

6.  0 

31, 

*  MAXIMUM  DAILY  SIGNIFICANT  WAVE  HEIGHT  FOR  JAN  1982 


|  DATE  ( 

JAN) 

1 

2 

3 

4 

5 

6 

7 

1  ~  SIG.  HT 

CM  ) 

0.  5 

0.  3 

0.  2 

0.  2 

0.  2 

0.  2 

0.  2 

i 

:  “  DATE  < 

JAN) 

S 

9 

10 

1 1 

12 

13 

14 

j  SIG.  HT 

(M.  ) 

0.  2 

0.  3 

0.  2 

0.  2 

O.  2 

0.  2 

0.  2 

!  i  DATE  ( 

1 

JAN) 

15 

16 

17 

18 

19 

20 

21 

1  SIG. HT 

(M.  ) 

0.  1 

0.  4 

0.  5 

0.  5 

0.  4 

0.  4 

0  4 

I 

j  1  DATE  < 

JAN) 

22 

23 

24 

25 

26 

27 

28 

SIG.  HT 

CM  ) 

0.  2 

0.  3 

0.  3 

0.  5 

0.  4 

0.  5 

0.  4 

1  DATE  ( 

JAN) 

29 

30 

31 

j  i  "  SIG  HT 

( M  ) 

0.  4 

0  4 

0.  3 

I 


li-  _'S 


i 

i 

;  HUMBOLDT  COAST  GUARD 
FEB  1982 


PERSISTENCE 

CONSECUTIVE  DAYS  (1  OR  MORE)  SIGNIFICANT 
WAVE  HEIGHT  IS  -N-  METERS  OR  LESS 


METERS  DAYS 

0.  5  28, 

1.0  2B, 

1.  5  28, 

2.  0  28, 

2.  5  28, 

3.  0  28, 

3.  5  28. 

4.  O  28, 

4.  5  28, 

5.  0  28, 

5.  5  28, 

6.  0  28, 


MAXIMUM  DAILY  SIGNIFICANT  WAVE  HEIGHT  FOR  FEB  1982 


DATE  ( 

FEB) 

1 

2 

3 

4 

5 

6 

7 

SIG.  HT 

(M.  ) 

0.  2 

0.  2 

0.  3 

0.  3 

0.  2 

0.  3 

O.  2 

DATE  < 

FEB) 

8 

9 

10 

1 1 

12 

13 

14 

SIG.  HT 

<M.  ) 

0.  2 

0.  1 

O  1 

0.  2 

0.  2 

0  2 

0.  2 

DATE  ( 

FEB) 

15 

16 

17 

18 

19 

20 

21 

SIG.  HT 

<  M.  ) 

0.  2 

0.  2 

0  2 

0.  2 

0.  4 

0.  3 

0.  4 

DATE  < 

FEB  ) 

22 

23 

24 

25 

26 

27 

2B 

SIG.  HT 

(M.  ) 

0.  3 

0.  3 

0.  2 

0.  1 

0.  2 

0.  2 

0.  2 

DATE  ( 

FEB) 

29 

30 

31 

SIG.  HT 

<M  ) 

0.  O 

0  0 

0  0 

B-  24 


V 


v 


* 


r 


HUIISCl .D T  COAST  CUARD 
MAY  1 982 


PERSISTENCE 

CONSECUTIVE  DAYS  (1  OR  MERE)  SIGNIFICANT 
WAVE  HEICHT  IS  -N-  METERS  OR  LESS 


METERS 

DA 

0.  5 

13, 

1.  0 

13, 

1.5 

13, 

2.  0 

13, 

2.  5 

13, 

3.  0 

13, 

3.  5 

13, 

4.  0 

13. 

4.  5 

13, 

5.  0 

13, 

5.  5 

13. 

6.  0 

13, 

MAXIMUM  DAILY  SIGNIFICANT  WAVE  HEIGHT  FOR  MAY  1982 


DATE  < 

MAY) 

i 

2 

3 

4 

5 

6 

7 

SIG.  HT  ' 

<  M.  ) 

0.  3 

0.  1 

0.  3 

o 

u 

0.  4 

0.  4 

0.  2 

- 

DATE  < 

MAY) 

8 

9 

10 

11 

12 

13 

14 

SIG.  HT 

(M  ) 

0.  4 

0.  5 

0.  1 

0.  2 

o 

. 

o 

0.  0 

DATE  ( 

MAY) 

16 

17 

18 

19 

20 

21 

SIG. HT 

( M.  ) 

0.  0 

0.  0 

o 

6 

o 

o 

0.  0 

o 

o 

o 

o 

- 

DATE  ( 

MAY) 

22 

23 

24 

2Z 

26 

27 

28 

SIG  HT 

(M.  ) 

0.  0 

0.  0 

0.  0 

0.  0 

0.  0 

0.  0 

0  0 

DATE  < 

MAY  ) 

29 

30 

31 

- 

SIG  HT 

in.  > 

0.  0 

0.  0 

0.  0 

u  -  ?.  ;> 


HUMQQuDT  COAST  GUARD 
APR  1982 


PERSISTENCE 

CONSECUTIVE  DAYS  (1  OR  MORE)  SIGNIFICANT 
WAVE  HEIGHT  IS  -N-  METERS  OR  LESS 


METERS 

DAYS 

0.  5 

30, 

1.  0 

30, 

1.  5 

30, 

2.  0 

30, 

2.  5 

30, 

3.  0 

30, 

3.  5 

30, 

4.  0 

30, 

4.  5 

30. 

5.  0 

30, 

5.  5 

30. 

6.  0 

30, 

MAXIMUM  DAILY  SIGNIFICANT  WAVE  HEIGHT  FOR  APR  1982 


DATE  < 

APR) 

1 

2 

3 

4 

5 

6 

7 

SIG.  HT 

<M.  ) 

0.  4 

0.  2 

0.  2 

0.  2 

0.  2 

0 J 

o 

o 

w 

DATE  < 

APR) 

8 

9 

10 

11 

12 

13 

14 

SIG.  HT 

(M.  ) 

0.  1 

O.  2 

0.  1 

0.  1 

0.  2 

0.  2 

0.  2 

DATE  ( 

APR) 

15 

16 

17 

IS 

19 

20 

21 

SIG.  HT 

<M  ) 

0.  2 

0.  1 

0.  2 

0.  2 

0.  1 

0.  2 

0.  3 

DATE  < 

APR) 

22 

23 

24 

25 

26 

27 

28 

SIG.  HT 

<  M.  ) 

0.  4 

0.  2 

0.  4 

0.  2 

0.  3 

0.  2 

0.  4 

DATE  ( 

APR) 

29 

30 

31 

SIG.  HT 

CM.  ) 

0.  3 

0  3 

0.  0 

B-26 


m 


V 


*1 


* 


HUMBOLDT  COAST  CUARD 
MAR  1982 


PERSISTENCE 

CONSECUTIVE  DAYS  <1  OR  MORE)  SIGN  IE  I CANT 
WAVE  HEIGHT  IS  -M—  METERS  OR  LESS 


METERS 

DAYS 

0  5 

12, 

1 . 0 

31. 

1.  5 

31. 

2  0 

31. 

2  5 

31. 

3.  0 

31, 

3.  5 

31. 

4.  0 

31, 

4.  5 

31, 

S.  0 

31. 

5  5 

31, 

6  0 

31. 

-MAXIMUM  DAILY  SIGNIFICANT  WAVE  HEIGHT  FOR  MAR  19e2 


DATE  < 

MAR  ) 

1 

2 

3 

4 

5 

6 

7 

SIG.  HT 

(M.  ) 

0.  4 

0.  5 

0  3 

0  1 

0.  2 

0.  2 

0.  2 

DATE  < 

MAR) 

8 

9 

10 

1 1 

12 

13 

14 

SIG.  HT 

(M.  ) 

0.  3 

0  2 

0.  2 

0  4 

0.  4 

o 

CO 

0.  5 

DATE  ( 

MAR) 

1  5 

16 

17 

18 

19 

20 

21 

SIG. HT 

(11  ) 

0.  3 

0  4 

0.  4 

0  4 

0  4 

0  2 

0.  2 

DATE  ( 

MAR  ) 

22 

23 

24 

25 

26 

27 

28 

SIG.  HT 

(M  ) 

0  3 

0  3 

0  3 

0.  5 

0  5 

0.  4 

0.  4 

DATE  ( 

MAR  ) 

29 

30 

31 

SIG  HT 

(M  ) 

0  5 

0  2 

0.  2 

B  - V 


TABLE  19 


HUMBOLDT  BAY  BUOY  (INNER)  MAR-DEC  1980 


CUMULATIVE 

HEIGHT  PROBABILITIES 

HEIGHT 

PROBABILITY 

OCCURRENCE 

(CM) 

(HRS) 

^  295 

0. 1236 

1083 

285 

0.  1453 

1272 

275 

0.  1693 

1482 

265 

0.  1921 

1682 

255 

0.  2377 

2082 

245 

0.  2713 

2376 

235 

0.  3217 

2818 

225 

0.  3649 

3196 

215 

0.  4106 

3596 

205 

0.  4562 

3996 

195 

0. 4982 

4364 

185 

0.  5534 

4847 

175 

0.  5954 

5216 

165 

0.  6387 

5594 

155 

0. 6819 

5973 

145 

0.  7395 

6477 

135 

0. 7791 

6825 

125 

0.  8223 

7203 

115 

0. 8523 

7466 

105 

0.  9004 

7887 

95 

0.  9220 

8076 

85 

0  9424 

8255 

75 

0.  9712 

8507 

65 

0.  9800 

8654 

55 

0.  9964 

8723 

45 

0.  9988 

8749 

35 

0.  9988 

8749 

25 

0. 9988 

8749 

15 

0.  9988 

8749 

5 

0. 9988 

8749 

CUMULATIVE 

PEAK  PERIOD  PROBABILITIES 

PERIOD 

PROBABILITY 

OCCURRENCE 

(SEC) 

(HRS) 

22+ 

0. 0048 

42 

20 

0. 0084 

73 

17 

0. 0276 

241 

15 

0.  0768 

673 

13 

0. 1849 

1619 

1  1 

0.  3782 

3312 

9 

0.  7071 

6194 

7 

0.  9520 

8339 

5 

0.  9988 

8749 

IS  2K 


TABLL20 


HUMBOLDT  BAY  BUOY(OUTER)  MAR-APR  1900 


CUMULATIVE  HEIGHT  PROBABILITIES 


HEIGHT 

PROBABILITY 

OCCURRENCE 

(CM) 

(HRS) 

295 

0.  3333 

2919 

285 

0.  4222 

3698 

275 

0.  5333 

4671 

265 

0.  6000 

5255 

255 

0.  6667 

5839 

245 

0.  6667 

5839 

235 

0.  7333 

6423 

225 

0.  7333 

6423 

215 

0.  7556 

6618 

205 

0.  7779 

6813 

195 

0.  B222 

7202 

185 

0.  8222 

7202 

175 

0.  8444 

7397 

165 

0. 8667 

7591 

155 

0.  8667 

7591 

145 

0.  9111 

7981 

135 

0.  9333 

8175 

125 

0.  9556 

8370 

115 

0.  9556 

8370 

105 

0.  9778 

B565 

95 

0.  9778 

8565 

85 

0. 9778 

8565 

75 

0.  9770 

8565 

65 

0.  9778 

8565 

55 

0.  977B 

8565 

45 

0.  9778 

B565 

35 

0.  9778 

8565 

25 

0.  9778 

8565 

15 

0. 9778 

8565 

5 

0.  9778 

8565 

CUMULATIVE 

PEAK  PERIOD  PROBABILITIES 

PERIOD 

PROBABILITY 

OCCURRENCE 

(SEC  ) 

(HRS) 

22+ 

0.  0000 

<12 

20 

0  0000 

<12 

17 

0.  0667 

583 

15 

0. 1778 

1557 

13 

0.  5111 

4477 

1 1 

0.  6000 

5255 

9 

0.  6889 

6034 

7 

0.  9333 

8175 

5 

0.  977B 

8565 

H  .'0 


UNCLASSIFIED 


NL 


HUMBOLDT  BAY  BUOY( INNER)  JAN-NOV  1981 


CUMULATIVE  HEIGHT  PROBABILITIES 


HEIGHT 

PROBABILITY 

OCCURRENCE 

(CM) 

(HRS) 

900 

0. 0000 

<12 

870 

0.  0000 

<12 

840 

0. 0000 

<12 

810 

0. 0000 

<12 

780 

0. 0000 

<12 

750 

0. 0000 

<12 

720 

0.  0018 

15 

690 

0.  0018 

15 

660 

0. 0018 

15 

630 

0. 0018 

15 

600 

0. 0018 

15 

570 

0. 0018 

15 

540 

0. 0027 

23 

510 

0.  0053 

46 

480 

0.  0062 

54 

450 

0. 0133 

116 

420 

O. 0283 

247 

390 

O. 0469 

410 

360 

0.  0760 

666 

330 

0. 1061 

929 

300 

0. 1574 

1378 

270 

0.  2219 

1944 

240 

0.  3271 

2865 

210 

0.  4500 

3942 

180 

0. 6118 

5359 

150 

O.  7675 

6722 

120 

0. 8798 

7706 

90 

O.  9841 

8620 

60 

0. 9991 

8752 

30 

0. 9991 

8752 

CUMULATIVE 

PEAK  PERIOD  PROBABILITIES 

PERIOD 

PROBABILITY 

OCCURRENCE 

(SEC) 

(HRS) 

22+ 

0. 0000 

<12 

20 

0. 0062 

54 

17 

0. 0407 

356 

15 

0. 0937 

821 

13 

0. 2042 

1709 

11 

O. 3820 

3345 

9 

0.  7060 

6188 

7 

0. 9496 

8310 

5 

O.  9991 

8752 

TABLE  23. 


HUMBOLDT  BAY  nUOY (OUTER )  UAN-OUN  1981 


CUMULATIVE  HEIGHT  PROBABILITIES 


HEIGHT 

(CM) 

PROBABILITY 

OCCURRI 

(HRS 

900 

0.  0000 

<12 

870 

0.  0000 

<12 

840 

0.  0000 

<12 

810 

0.  0000 

<12 

780 

0.  0000 

<12 

750 

0.  0000 

<12 

720 

0.  0000 

<12 

690 

0.  0000 

<12 

660 

0.  0034 

29 

630 

0.  0034 

29 

600 

0.  0068 

59 

570 

0.  0102 

89 

540 

0. 0137 

119 

510 

O. 0239 

209 

480 

0.  0307 

269 

450 

0. 0751 

657 

420 

0. 1092 

956 

390 

0.  1741 

1524 

360 

O. 2662 

2332 

330 

0.  3345 

2929 

300 

0.  4164 

3647 

270 

0.  5119 

4484 

240 

0.  6075 

5321 

210 

0.  6962 

6099 

180 

0.  7850 

6876 

150 

0.  8464 

7414 

120 

0.  9352 

8191 

90 

0.  9966 

8730 

60 

0.  9966 

8730 

30 

0.  9966 

8730 

CUMULATIVE  PEAK  PERIOD  PROBABILITIES 

PERIOD  PROBABILITY  OCCURRENCE 


(SEC) 

22+ 

20 

17 

15 

13 

11 

9 

7 

S 


0.  0034 
0.  0171 
0.  0853 
0.  1980 
0.  3652 
0.  6519 
0.  8396 
0.  9693 
0.  9966 


(HRS) 

2? 

149 

747 

1734 

3199 

5710 

7354 

8490 

8730 


It- 3 1 


B-32 


3ld 


STRTION  2 

WAVE  HEIGHT  DURATION  GRAPH 
1946-1974 

COMBINED  SEA/SWELL  HEIGHT 


TAace  m  StCOHT. 
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COMBINED  SEA/SWELU  -  COMPILED  FRQV  B727  OVCE-DAJIV  WAVE  COMPlfTAT J ONS  STATION 
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TABLE  2.13 


AVERAGE  Annual  HE ICHT-PER  IOD-DIRFCT ION  FREQUENCE  DISTRIBUTION  (PERCENT)1 


AVERAGE  TOTAL  HOURS 
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AVERAGE  ANNUAL  SWELL  ROSE  FOR  STATION  2 


APPENDIX  C 

WIND  DATA  STATISTICS  and  SUMMARY 

for 

HUMBOLDT  BAY  AREA 


-r 


SUMMARY  OF  COMBINED  WIND  DATA 
FROM 

EUREKA  WEATHER  STATION 

AND 

HUMBOLDT  BAY  POWER  PLANT 

DIRECTION  WIND  SPEED  (Mile?,  per  Hour)  PERCENT  MEAN  MIND 


1-3 

4-5 

16-31  32-47 

OF 

SPEED 

T I  ME 

(MPH; 

N  1.7 

15.  5 

5.0 

22.2 

1  ?.  1 

ME  1 . 6 

4.9 

0.  7 

7.2 

9 . 2 

E  2.0 

3.  7 

0.0 

tj  .  / 

j  <  > 

SE  2. 7 

8.4 

2.0 

13.  1 

lO.  1 

S  1.7 

8.5 

2.8 

13.  1 

*1.5. 

SW  1.9  . 

£'.  9 

1  ■  5 

1  2.  3 

!  <  • .  o 

w  i.e 

— .  / 

o. 

7.8 

2.  • 

NW  1.9 

11.4 

l.i 

1  4 . 3 

CALM 

- 

• 

4.  4 

TOTAL  15.2 

6  7 . 0 

13.4  0.0 

1  00.  •’> 

Total  Number  of  Obs 

or  vat  J  on  =.  81,1 22 

Data  Compiled  from 

record 

?»  cbtiinert  -Iron: 

1  eVa , 

C  -.l  i  for 

LI.  S.  Weather  Bur 

eau  St 

at i on  July  1 939 

to  L'ect: 

.bo-'  1  •••<•.  / 

Humboldt  Bay  Power 

Plant 

Weather  Statin'' 

.  .larr 

i.  r  19t.6 

Deccnber  1967. 


C-2 


DATA  FROM  NATIONAL  CLIMATIC  CENTER  101M  HVJ>A»U  ©»  OMUVMIOH*  63,771 

FEOERAL  BUILOING  -  ASHEVILLE,  N.C.,  23801 


Pacific  Gas  and  Eiec^riC  wcmpany  totai  nim*ms  of  orsnvAnoNS  ^.7,351 


TABI.k 

:  l. 

PERCH  Vi 

'  FRltC'i 

:r.\cv 

Of  KIND  MTTDS  OF  17  KNOTS  Oi  MORE 

Sttit  ion 

|  Jdn 

|  Frb 

Mar  | 

j  Kay 

|  Jun 

Jul 

|  Aug 

tr. 

Oct 

f!ov 

S 

Average 

Yes 

Rec 

Al  »ii  Ju 

6.5 

6.2 

8.0 

7.7 

8.  3 

7.6 

3.4 

3.0 

2 . 7 

3.2 

4.2 

5.1 

5.7 

12 

AfCjtil 

4.2 

6.9 

6.3 

6.6 

7.6 

5.6 

2.6 

1.7 

1.9 

2.0 

3.0 

3.2 

4.2 

12 

B  i  !<•„•  r  s  f  '.old  Me  ‘idowa 

0.9 

1.6 

1.5 

1  .9 

2.  3 

1.8 

0.3 

0.3 

0.3 

0.3 

0.5 

0.7 

1.0 

12 

ft  sale*  AFH 

4 . 1 

4.5 

3.0 

2.2 

0.9 

1.8 

0.4 

0.7 

1.2 

2.8 

2.9 

3.9 

2.4 

7 

Bortltr  nit 

8.2 

2.0 

3.8 

...0 

0.6 

0.5 

0.8 

0.6 

0-9 

3.6 

9.9 

6.7 

3.2 

4 

Hlyth 

7.  1 

6.2 

10.7 

6.8 

6.9 

6 . 5 

4  .  4 

3.6 

2.  1 

2.6 

6 . 3 

6.2 

6.0 

7 

Burbank 

1.3 

2.5 

1.7 

2.0 

0.7 

0 

0 

0 

0 

0.5 

1.4 

1.7 

1.0 

12 

Cciitlo  hV  is 

3.3 

4.7 

3.7 

3.9 

2.9 

3.2 

1.2 

0.6 

0.6 

2.0 

1.4 

2.9 

2.5 

12 

C>.  Leo 

B  .  7 

14.  3 

11.7 

11.6 

12.4 

9.4 

1.6 

1.6 

5.4 

6.6 

7.7 

5.4 

8.0 

4 

China  Lake 

9.6 

12.6 

18.7 

19.3 

17.5 

15.5 

10.2 

10.3 

8.6 

9.2 

7.8 

7.9 

12.3 

12 

Crescent  City 

20.7 

11.7 

15.9 

13.0 

17.4 

12.  .2 

9.7 

4.1 

4.8 

5.8 

6.1 

0.5 

11.2 

6 

Crows  Landing 

2.3 

1.5 

2.1 

1.2 

1.5 

1.0 

0.1 

0.1 

0.1 

1.8 

1.3 

1.4 

1.2 

7 

Daggett 

9.9 

13.3 

25.5 

23.9 

32.5 

29.2 

15.3 

10.5 

10. 1 

8.2 

7.8 

7.5 

16.3 

12 

Edwards  AF3 

8.6 

8.9 

15.6 

17.5 

20.0 

19.8 

12.0 

10.3 

8.2 

6.0 

6.8 

7.5 

11.8 

12 

El  Centro 

6.2 

8.1 

13.3 

15.7 

18.1 

16.1 

4.3 

4.0 

4.6 

5.5 

6.1 

4.8 

8.9 

12 

El  Toro 

1.4 

1.9 

1.2 

0.9 

0.5 

0.1 

0 

0.1 

o.i 

0.3 

2.4 

2.4 

0.9 

12 

Fall  River  Kills 

2.3 

2.3 

3.2 

2.0 

1.8 

1.3 

0.2 

0.3 

0.6 

1.4 

1.4 

2.5 

1.6 

10 

Fallon 

1.5 

2.9 

4.0 

4.1 

2.7 

1.8 

0.7 

0.4 

0.6 

1.6 

0.9 

1.9 

1.9 

12 

Fort  Bragg 

5.4 

8.1 

7.1 

5.6 

3.6 

2.4 

1.2 

1.0 

2.2 

1.0 

2.0 

3.4 

3.6 

3 

Fort  Ord 

0.2 

0.3 

1.3 

1.8 

1.4 

0.7 

0.4 

0.3 

0.3 

0.4 

0.3 

0.2 

0.6 

6 

Ficsnu  AT 

0.6 

0.6 

1.1 

1.3 

0.9 

0.8 

0.1 

0 

0.2 

0.4 

0.2 

0.3 

0.5 

12 

Coo r go  AFB 

7.1 

9.7 

13.1 

13.9 

13.2 

10.4 

S.9 

6.6 

4.4 

4.7 

6.1 

6.3 

8.5 

13 

Hair  il  ton  AFB 

2.6 

3.6 

2.4 

2.3 

2.0 

1.6 

0.4 

0.6 

0.7 

2.1 

2.0 

3.2 

2.0 

12 

Hoi lister 

2.3 

l.S 

2.1 

1.2 

1.5 

J  .0 

0.1 

0.1 

0. 1 

1.8 

1.3 

1.4 

1.2 

7 

Hoi tv il io 

1.5 

3.6 

2.8 

3.8 

2.3 

2.6 

3.6 

2.8 

0.9 

1.1 

2.0 

1.5 

2.4 

12 

lr-pcii.il  Peach 

2.9 

2.5 

1.3 

1.8 

1.0 

0.9 

0.5 

0.3 

0.  3 

0.4 

1.9 

1.3 

1.3 

10 

I.ir»  Vegas 

6.3 

11.0 

14.2 

15.4 

15.8 

13.7 

9.2 

8.4 

7.7 

7.6 

5.6 

6.3 

10.1 

12 

Lor.oore 

1.6 

2.0 

3.3 

3.6 

3.4 

3.8 

1.2 

1.2 

1.0 

1.2 

1.5 

1.0 

2.1 

9 

l  i.  vo :  no  re 

2.5 

2.  3 

2.2 

1.9 

1.6 

1.8 

0.3 

0.1 

0.4 

1.7 

1.1 

1.4 

1.5 

9 

long  p.each 

0.8 

1.8 

1.5 

1.7 

1.0 

0.3 

0.1 

0.3 

0.3 

0.4 

1.3 

1.1 

0.9 

12 

Los  Atanitos 

1.7 

1.9 

2.5 

1.8 

1.4 

0.3 

0 

0 

0.2 

0.2 

2.3 

2.2 

1.2 

12 

Los  Angeles  AP 

1.5 

3.0 

2.6 

2.8 

1.7 

0.3 

0.1 

0.1 

0.2 

0.6 

1.2 

1.7 

1.3 

12 

March  APB 

0.8 

0.9 

0-9 

0.9 

0.5 

0.5 

0.4 

0.4 

0.1 

0.4 

0.9 

0.9 

0.6 

12 

K'.th»r  AFU 

B.9 

8.5 

5.9 

3.7 

2.2 

2.3 

1.1 

0.6 

0-6 

2.5 

3.5 

6.7 

3.9 

12 

Krtlflliin  AFO 

6.3 

7.4 

6.2 

3.9 

4.2 

3.5 

1.0 

1.3 

0-6 

3.3 

4.0 

6.7 

4.1 

11 

K  -dfo'd 

3.3 

2.9 

2.7 

2.6 

2.1 

1.7 

1.1 

1.0 

0.7 

0.9 

1.6 

1.6 

1.9 

12 

ft  l  r  •  i  ‘.v.  a  r 

0.6 

0.4 

0.8 

0.6 

0 

0 

0 

0 

0 

0.1 

0.5 

0.5 

0.3 

12 

Ko : 1 1 1 1  Field 

4.1 

5.2 

3.3 

4.1 

4.4 

6.0 

3.6 

2.6 

2.0 

1.9 

2.1 

3.9 

3.6 

12 

Mojave 

10.1 

9.6 

19.6 

3C.0 

?1  .  3 

29.4 

16.9 

11.2 

11.7 

14.2 

10.8 

5,8 

15.9 

3 

Mon  tag jo 

11.6 

6.3 

9.4 

8.7 

4.7 

4.2 

4.0 

3.2 

1.7 

5.7 

9.4 

6.8 

6.3 

5 

Ko:  ;  *-rey 

1.1 

1.8 

1.5 

2.3 

2.0 

0.5 

0.2 

0.3 

0.2 

0.5 

0.9 

2.5 

1.2 

12 

K^e  U  r- 

8.0 

10.1 

10.2 

9.1 

8.4 

7.1 

3.5 

3.8 

3.2 

5.9 

8.9 

8.3 

7.2 

7 

H'lli  AFll 

4.6 

7.  J 

11.3 

10.8 

9.8 

7.7 

4.3 

4  .  S 

4.0 

5.1 

5.2 

3.6 

6.5 

12 

N  r  t.'.;  AMU 

1 . 7 

3.5 

2.1 

0.8 

O.C 

0 . 3 

0.1 

0.1 

0.4 

0.7 

1.9 

2.1 

1.2 

12 

O.'i.  I.;::  A.’ 

2.6 

4.6 

4.5 

4.9 

5.4 

3.9 

1.5 

1.4 

1.2 

2.2 

2.3 

2.7 

3.1 

12 

C'Civti.-  l _• 

4.6 

1.4 

3.2 

2.0 

1.9 

0.3 

0 

0.2 

0.4 

0.8 

1.2 

3.8 

1.7 

5 

tv. ta:  jo 

3.3 

2.9 

2.9 

0.9 

1.0 

0.1 

0.1 

0.1 

0.7 

0 

4.2 

1.9 

1.5 

4 

0>.:«  t  rt: 

4.0 

3.3 

2.4 

2.1 

1.8 

0.4 

0 

0.1 

0.1 

0.8 

3.2 

5.9 

2.0 

13 

Pain  .  ;>*  i  rigs 

2.6 

3.7 

6.8 

14.9 

16.9 

17.6 

9.6 

5.3 

5.2 

3.1 

1 . 7 

0.8 

7.4 

4 

Pal: 

8.7 

8.5 

15.7 

14.7 

15.8 

15.1 

8.4 

6.9 

4.5 

5.3 

7.2 

8.4 

9.9 

7 

F.  m  i  #M  »•„. 

2.3 

2.9 

4.6 

6.5 

10.3 

13.7 

11  .8 

8.8 

5.0 

2.6 

2.0 

3.0 

6.0 

7 

Ivint  /  k  Uo 

3.8 

5.5 

8.3 

9.4 

6.2 

1.6 

0 . 7 

0.4 

0.7 

2.9 

3.0 

3.0 

4.0 

7 

Point 

12.1 

10.8 

9.7 

7.5 

C  .  6 

2.3 

1  .  1 

1.0 

1 .0 

3.0 

11.4 

U.J 

0 . 9 

12 

I'  .’l  t  :  V  .  i  1 

1.6 

2.0 

3.3 

3.6 

3.4 

3.8 

0.  P 

0.8 

0.7 

1  .2 

1  .5 

1  .0 

2.0 

9 

F*'  ! 

10.6 

12.4 

ll  .0 

e.fe 

6.9 

4  .  R 

1  .8 

1.4 

4.6 

7.2 

7.7 

7.0 

7.1 

12 

P  :  1  i  :  , 

U.J 

12.7 

10.9 

8.5 

6.5 

5. 1 

1  .  7 

1.4 

4.2 

7.0 

6.9 

7 . 9 

7.0 

12 

7.2 

6.8 

8.5 

7.4 

7  .  1 

6.  1 

4.4 

4.6 

3.0 

4.5 

4.1 

5.0 

5.7 

1? 

•  •  '  "  1  • 

8.  i 

9.4 

7 . 1 

5.4 

5.2 

(  .  1 

3.8 

3.2 

2.7 

4.8 

4.5 

7  .  *> 

5.7 

13 

..  1  1  :  • 

2.3 

2.  1 

2 . 5 

0.5 

0 . 2 

0  .  3 

0 

0 

A  0 

0.7 

1 .8 

4  .  1 

1  .  2 

7 

11.0 

5. 7 

11.0 

5  .  '• 

5.7 

l .  n 

0.7 

0.6 

0.9 

1.2 

6.9 

5.6 

4.8 

5 

-  * 

— - 

- — 

- - 

- - 

- - 

— 

- - 
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TABLE  3 

EXTREME  ANNUAL  WIND  SPEED 
FASTEST  MILE,  1871-1978 
(mph) 


1871 


1372  30 


1873 

30 

38 

1874 

19 

27 

1875 

27 

40 

1876 

30 

36 

.. 

1877 

57 

32 

1878 

22 

37 

32 

47 

33 

36 

1879 

24 

41 

32 

26 

33 

30 

1880 

22 

47 

32 

29 

36 

27 

1881 

37 

34 

27 

29 

30 

34 

1882 

38 

32 

29 

30 

30 

31  - 

1883 

34 

31 

30 

27 

30 

35 

1884 

32 

38 

30 

27 

37 

27 

1885 

30 

35 

30 

21 

30 

38  ... 

1886 

30 

40 

35 

30 

35 

35 

1887 

34 

26 

30 

36 

32 

30 

30 

33 

1888 

31 

27 

36 

38 

30 

33 

37- 

1889 

35 

24 

21 

35 

34 

30 

31 

37 

1890 

34 

22 

21 

38 

34 

25 

30 

37 

1891 

32 

25 

24 

41 

32 

25 

40 

38 

1892 

40 

25 

21 

38 

38 

22 

49 

35 

1893 

32 

24 

24 

30 

36 

28 

39 

35 

1894 

37 

28 

25 

37 

47 

29 

33 

4  3" 

1895 

35 

24 

22 

32 

38 

22 

36 

37 

1896 

38 

31 

21 

34 

38 

29 

35 

32- 

1897 

36 

27 

28 

30 

35 

29 

37 

30 

1898 

35 

27 

21 

37 

34 

27 

36 

35 

1899 

32 

27 

25 

70 

34 

3,8 

27 

39 

34 

1900 

35 

22 

20 

62 

30 

41 

25 

40 

26- 

Corrected  to  true  wind  speed. 
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TABLE  3  (cont) 
EXTREME  ANNUAL  WIND  SPEED 
FASTEST  MILE,  1871-1978 
(mph) 


1901 

52 

24 

21 

69 

57 

47 

4? 

32 

1902 

57 

JO 

25 

66 

32 

49 

49 

35 

190;. 

55 

30 

22 

69 

30 

52 

55 

54 

1904 

58 

54 

31 

30 

54 

35 

51 

40 

31 

1909 

;8 

56 

28 

30 

61 

30 

35 

35 

32 

1900 

56 

59 

50 

50 

57 

32 

47 

41 

52 

33 

1907 

56 

50 

22 

20 

60 

27 

40 

35 

35 

33 

1908 

58 

46 

21 

32 

60 

32 

37 

31 

29 

50 

32 

1909 

58 

5? 

25 

28 

64 

78 

43 

38 

40 

34 

30 

1910 

56 

53 

50 

32 

56 

51 

36 

30 

31 

29 

32 

1911 

57 

27 

31 

66 

64 

37 

44 

32 

36 

30 

35 

1912 

/  r. 

30 

34 

57 

68 

77 

47 

38 

40 

30 

32 

1915 

35 

30 

31 

57 

66 

30 

40 

35 

35 

30 

32 

191'i 

46 

32 

30 

68 

72 

27 

58 

36 

36 

35 

29 

1919 

46 

35 

50 

68 

84 

29 

4  5 

45 

4? 

38 

32 

1916 

55 

41 

34 

70 

80 

27 

43 

40 

45 

40 

37 

32 

1917 

35 

78 

79 

70 

77 

76 

47 

39 

35 

43 

37 

37 

1918 

40 

31 

31 

68 

65 

27 

59 

32 

34 

35 

30 

32 

1919 

55 

30 

24 

68 

65 

30 

40 

58 

32 

51 

50 

34 

1920 

57 

34 

29 

70 

69 

31 

40 

32 

30 

37 

50 

30 

1921 

38 

50 

35 

76 

35 

43 

40 

52 

47 

35 

33 

1 927 

39 

79 

78 

64 

52 

46 

58 

41 

37 

35 

33 

197; 

37 

34 

30 

59 

32 

41 

32 

29 

52 

26 

34 

1974 

34 

50 

77 

75 

64 

30 

38 

32 

34 

35 

30 

29 

1 929 

38 

2? 

57 

7  7 

57 

27 

31 

33 

30 

35 

1970 

36 

78 

30 

73 

31 

41 

32 

30 

41 

30 

30 

1 927 

5? 

38 

20 

26 

40 

41 

31 

36 

32 

30 

!  978 

56 

79 

24 

77 

39 

32 

26 

42 

■30 

31 

1  970 

57 

50 

21 

27 

40 

35 

26 

38 

50 

40 

1  9  -'.0 

59 

30 

21 

25 

38 

37 

31 

57 

34 

30 

Corrected  to  truo  wind  nj  c  cd . 
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TABLE  3  (cont) 
EXTREME  ANNUAL  WIND  SPEED 
FASTEST  MILE,  1871-1978 
(mph) 


Year 

Eureka 

Fresno 

tn 

<u 

w—i 

<D 

a 

< 

44 

44 

a 

< 

44 

44 

cn 

c 

•H 

XJ 

x> 

a; 

tt 

o 

■u 

c 

O  I 

(S'  \ 

n  cisco 

cn 

c 

< 

w 

o 

a 

T) 

C 

aj 

H 

>e. 

to 

O 

Red  Blu 

i _ _ _ 

Red  Blu 

0) 

E 
( 0 
i4 

u 

f 0 

in 

% 

a 

c 

(V  I 

to 

San  Fra 

1931 

42 

33 

24 

36 

31 

30 

33 

1932 

37 

32 

28 

30 

58 

28 

40 

1933 

30 

30 

25 

35 

34 

32 

30 

1934 

31 

25 

23 

29 

24 

30 

1935 

30 

32 

23 

30 

30 

29 

41 

1936 

34 

30 

25 

38 

35 

31 

34 

1937 

38 

31 

23 

36 

29 

28 

31 

1938 

35 

35 

26 

41 

46 

34 

38 

1939 

35 

40 

30 

57 

42 

32 

34 

34 

1940 

34 

26 

33 

44 

40 

34 

33 

34 

1941 

35 

35 

36 

49 

36 

37 

36 

39 

1942 

37 

31 

36 

45 

36 

35 

34 

34 

1943 

40 

30 

43 

63 

34 

33 

44 

35 

1944 

37 

34 

35 

44 

35 

37 

30 

1945 

35 

32 

38 

46 

37 

36 

36 

32 

1946 

38 

35 

48 

48 

38 

34 

33 

31 

1947 

34 

31 

34 

45 

39 

29 

'  27 

31 

Records  before  1931  corrected  to  "true"  windspeod. 


(Table  3  continued  on  next  page) 
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T  Ap.  t;  5 

P KW  G'*ST  IK  KNOT 3 
(In  rect  ion/w  i  n'lsp*--?  J) 


r  — - 

-  - 

— 

^  . 

Yrs 

Rev 

JAN 

FtH 

MAR 

APR 

MAY 

28 

v  6c 

ssw'  59 

50 

SSE  4t 

"w  46 

Boiler  A  EL; 

16 

17  51 

16  54 

16  44 

32  38 

34  37 

C.vp  FeQcilet.cn. 

4 

ZbJ.  4C 

S  3? 

W  ..  37 

V  44 

5*  2o 

China  Lak‘i 

20 

sw  __  6? 

W__69 

W  _  _?0 

:»w_64 

w2.V-.2a 

CaMlP  AFH 

.  .2? 

5S  51 

•~y  .5>. 

SS__49 

.\/w,4_8 

?«V _ 43 

.  26 

™»w_  5\ 

W_36 

W  _64 

try  -So 

29-  54 

-El.  CCQtXO _ 

.03 

iSW  10 

W3W  52 

WSW  58 

WSW  58 

W  56 

El  loro 

-.22 

<£.— 5i 

K£  55 

SSiLtA 

22 — 48 

Fort  Crd 

_  u 

i3  44 

16_50 

S£  37 

WWW  40 

27  40 

Ceorgo  Aj’S, _ 

_ 23 

> _ J5' 

15— 12 

5  a  .62 

5 _ 52 

VC.9LA6 

Kami  It  an  ASa _ 24 

;s’A_5C 

5 _ 49 

sw_ia 

WSW-15 

itnp«  riaUfeafih _ 

-J.S 

pS5 — 48 

5 _ 12 

xplaa 

IfiisLAS 

iSVLie 

.  l/iiaocre 

fi»V  38 

NW  43 

38 

N  _17 

Eos  Alaaitoa 

20 

W  __34 

NE  42 

WSW  54 

WWW  47 

12  33 

Eos  Angnlea  W3A5 

15 

S’./  42 

M 

w  Jj4 

•1 _ 51_j 

j;  39 

V.ircH  APR _ 

_ IS 

La  .A3 

I.?S  41 

M _ 14 

ygtharj^a - 

_31 

>55 _ 61 

15—62 

3_6? 

$E_i3. 

JT5L43 

K-CieUgn_Ara.  _. 

31 

;SE  66 

15  60 

SE  66 

SSS  55 

try  55 

lli.rar.ar_ 

..  26 

Qt_JS 

ssw  ^ 

w  37 

WSW  41 

ESE  31 

.Hof  f  ett  _Ei.e.ld _ 

ZL 

1SE _ 56 

5E— i6 

S£_A4 

IL _ 43- 

try  38 

Koatccez _ __ 

iSH_54 

iSX  6S 

_ 100 

SW  A6 

WNW  35 

Lortco-AEL- 

_27 

PL  .4 5 

N _ 55 

li _ 42. 

IE  47. 

KS  40 

.  Oxnard  AFB 

_ IQ 

;S5_4? 

ESflS  44 

WSW  43 

y  36 

wtrw  36 

Eoint.  Hn£U - 

-  -U 

ilNE _ 61 

65  49 

w__4.r 

W  — 50. 

j£bLLL 

San  ClfA9dVfl 

JLO 

IJW  35 

m  ia 

&L.J*2 

WNWJ?. 

W^JW  34 

San.  C.i£?  U3N  , 

—  33 

SSS_J52 

w _ 46 

5 _ 5? 

vrrwjo 

BE-33 

San.  t  racQiaca  JX 

— 12. 

/5W__6£ 

W.1C5C 

SLJfl 

SSW.52 

iL-34 

Stul  K  icoliuc  Islan.'l— 11 

«M_i2 

« _ 64 

try  _54 

:«:K_55. 

m  -  56 

Sar.ta-Ana_..  _ 

...  10 

.13—57 

IS  _53 

.04 — 42 

8SS.39. 

tS-4.C 

Travis  AFB _ 

.55 

K.  _$c 

NNW.65 

SE-56 

SE  i3 

ssw  45 

YaiidznhesjU. _ 

-13 

33.  61 

ia  u 

SE  40 

._  40 

*fOrw  35 

While  Mountain  1 

22 

W  94 

SW  6c 

5  58 

•>■  52 

49 

White  Mountain  2 

__ 

N _ 6? 

70 

try  65 

W  72 

W  56 

San  t*«3 

7 

W  38 

52  44 

5  46 

»  37 

5  34 

I 

tjuv  |  on  | 

■»OTM  1 

w  55 

ssw  61  sv  Lj  J 

ww 

62 

s  U 

15  5<  15  58 

19 

58 

t.v  30 

SE  _  35  W3W  3j 

w 

44 

SW  59 

W ...  .  54  SEA  6^ 

'WNW 

71 

S^EJvl 

14..  M  SE  47 

t,V. 

.  54 

yVrt.  tj 

a..  -43  WSW  'jh 

w 

.  65 

a  _  ;.8 

WSW.  -  51  Jrf _ 55 

WSW. 

.  50 

L....45 

S£_...63  E  .  60 

t£ 

.65 

SW— 40 

ESS_A2.SSVt.4j 

M _ 50 

:,V— 44 

SW _ silt  .  .56 

W 

.  76 

L~\y  64 

5  .535  5? 

ssw_ 

-  75 

28  __41 

X _ 5J  5  _4<j 

w _ 

_  51 

34.33 

S5£ _ 3jJ2 _ 4^ 

If*-.- 

_ .43 

try  39 

EXE  51  EtJE  54 

EKS 

% 

N  40 

N-  4q_5  3, 

N 

_i4 

N  .  39 

W  4.d  1.73  lA 

4:® 

49* 

5.  .63 

SSE  jd  SSE  6tJ 

SSE 

64 

SSE  7t 

SSE  53  SSE  65 

S3E 

_ 71 

4  33 

sw  sqw  4iJ 

SW 

_ 50 

5E  48 

H  J»fl_SSE  54 

SE 

-_56 

W  56 

SSE  49  SW  65 

100 

51 

01  52  N  6ij 

KH 

69 

5!E_4.4 

E.-.-E  50  EXE  45 

,ENE_ 

_50 

EE.43 

S2L_54KE_  58 

ES. 

_ 61 ! 

?3.33 

e — yi  !■».  3d 

IS _ 

44  \ 

jtitry  54 

SW  4d  5  40 

WNW 

bi 

SW  J6 

SSW-M  5_ 

WSW 

68 

sw  30 

ww_  53 

W 

_ 64 

('5  J? 

■*  52  ra_5S 

t.E 

.  59 

tory  5J 

s_  .  5'  SE_/.<j] 

KNW 

651 

’■  « 

_  .a4  _ L\ 

^ _ 

— li  j 

.  .56 

W  sj)  SI 

W 

94 

jw  70 

”  _  5sfw_  .64 

K _ 

_ 62j 

)"• 

lW  43}  SE  34 

SE 

44 

TABLE  6 
FASTEST  MILE, 

FROM  LOCAL  CLIMATOLOGICAL  DATA 
(Direct  ion/Vindspeed  in  mph) 


Yrs 

Rec 

JAN 

ffb 

APR 

MAY 

JUN 

JUL 

AUG 

“sVp"" 

OCT 

NOV 

0^ 

C  J  TOTAL 

Bakcrali'iii 

. .  _.- 

.  28 

02 

-J5 

29. 

44 

36 

36 

29 

40 

32 

3c 

33  .41 

29 

25 

06 

30 

U 

33 

3? 

31 

34 

30 

if 

3>Uv 

44 

Bishop 

2 

.  *? 

_ _ 

_52 

58 

58 

53 

6C 

46 

75 

48 

48 

56 

66 

75 

El*;-;  Car.yotv 

19 

20 

67 

17_ 

76 

07. 

67 

20 

50 

23 

37 

0?  49 

05 

32 

07 

.30 

02 

49 

05 

7C 

39. 

54 

07 

5.  17 

.  76 

Eut*>«a 

.  66 

5 

„  5t 

SW 

48 

SW, 

.48 

t:  . 

4V 

trw 

4r 

try -39 

w 

.35 

.34 

N  . 

.44 

SW 

.36 

> 

.43 

5  _ 

56  SW. 

. .  56 

trv.no 

26, 
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30 

3S 

25 
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0J 
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31 

41 

4  4 

46 

60 

4  .  \r  a 

Blue  Canyon 

22 

39 

17 
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42 
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20 

40 
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84 

90 

/U  I, 

Eureka  .  . 
Farallon^' 

31 

40 

48 
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10 

43 

ea 

43 

52 

56 

59 

62 

56  SW 

7 

37 

42 

123 

0'J 

30 

53 

59 

61 

63 

65 

59  S 

Fresno 

31 

36 

46 

119 

43 

328 

20 

33 

39 

42 

44 

46 

43  NW 

Las  Vegas 

Long  Beach 

20 

33 

49 

118 

09 

34 

20 

33 

40 

43 

45 

47 

64  NT 
14  W 

Los  Angeles 

29 

34 

02 

118 

14 

257 

104 

45 

54 

58 

61 

63 

62  M 

Medford 

Mt.  Tamalpais— 

30 

42 

22 

122 

52 

1,298 

20 

37 

47 

51 

54 

57 

55  SSL 

22 

37 

56 

122 

35 

2,586 

64 

72 

7  5 

77 

79 

70  i:w 

Oakland 

Point  Reyes—' ■ 

31 

37 

44 

122 

12 

6 

20 

39 

47 

51 

53 

56 

50  N 

16 

38 

00 

123 

01 

510 

69 

79 

84 

07 

90 

84  Si. 

Red  Bluff 

31 

40 

09 

122 

15 

342 

20 

50 

61 

65 

69 

77 

68  SL 

Redding^/ 

9 

40 

35 

122 

2  i 

560 

37 

42 

44 

46 

47 

42  SF 

Reno 

28 

39 

30 

119 

47 

4,404 

20 

56 

69 

75 

79 

87 

00  SW 

Sacramento  EAP 

31 

38 

31 

121 

30 

17 

20 

43 

59 

6b 

70 

75 

70  SL 

San  Diego 

31 

32 

44 

117 

10 

13 

37 

33 

40 

4  3 

4  5 

47 

47  SL 

San  Francisco  AP 

28 

37 

37 

122 

23 

5 

20 

45 

55 

59 

62 

65 

60  SE 

San  Francisco  FOB  25 

37 

47 

122 

25 

52 

132 

3d 

45 

49 

51 

5.3 

47 

San  Jose*>/ 

23 

37 

20 

121 

54 

95 

32 

36 

38 

39 

40 

30  SF. 

Sandberg 

29 

34 

45 

118 

44 

4,517 

30 

66 

82 

90 

96 

101 

97  hW 

Santa  Maria 

17 

34 

54 

120 

27 

2  36 

24 

36 

44 

47 

50 

52 

46 

Stockton 

31 

37 

54 

121 

15 

22 

20 

34 

41 

44 

47 

49 

46  SL 

Yuma 

31 

32 

40 

114 

36 

194 

20 

44 

54 

58 

CL 

63 

60  SF 

•/  Based  on  1948  to  1978  data  except  where  noted, 
b/  Based  on  older  records  which  have  been  corrected. 
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APPENDIX  D 

PLATES  from  PREVIOUS 
U.S.  CORPS  of  ENGINEERS  REPORTS 

at 

BUHNE  POINT/KING  SALMON  AREA 


I 


REFERENCE  MATERIAL 
FROM 

U.  S.  ARMY  CORPS  OF  ENGINEERS 
REPORTS 

FrP'/!  i  ivssucat’ c.'i?.  5.  .1  -"i  'j  .r  .  .-» *-!•••  a  /  ;h<  Cc 

Engineers;  were  used  to  obtain  a  background  on  the  .  r- 
clirai.fi,  surface  and  subsurf  ac>-  -soils,  and  sedi runt  trees;  or 
system  along  the  shore  bytwc-i  Fields  Landing  Channel  to 
Buhne  Point.  The  Corps'  previous  report  "Beach  Freni  no 
Control  Report  or.  Cooper  at' ve»  "tudv  of  Huir.bol  dt  Bay  (r)u‘.n  ■ 
Point)”  furnished  rest  of  the  design  data  needed  to.  fo-rr.ulaii 
our  design  study.  Surface  and  subsurface  .Mto'ial1: 
investigations  carried  out  by  the  Corps  for  their  "Deo  g-: 
Kenor -nr-urt  No.  1  Humboldt  Harbor  and  Bay"  set  parameters  f : .  - 
the  m  S’ n.  .if  the  sheec-u i  !  r-  gro)  lit  arid  the  H  £  ''■■■  ■■  .  u 

strucli.r»i.  Needed  tac 1. ground  ■-•r.  the  wave  ci’.ir’to  Within  t  '■ 
bay  ir.  tr.  vicinity  of  Buhne  Fpi  :  w?s  obtained  fro.:  the 
Corps ’’  "Curv.iy  Report  Humboldt  Nay.  California".  The  elites 
appended  to  this  n-pert  were  copied  frojs  the  Corps’  r '-ports 
and  ere  used  to  give  the  reader  a  better  understanding  of  the 
bottom  materials  within  the  bay  and  the  erosion  that  ncs 
taker,  place  within  the  Buhne  Point  area  during  the  past  five 
decades. 
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APPENDIX  E 

CONCEPTUAL  PLANS  of  ALTERNATE  DESIGNS 

at 

BUHNE  SPIT  AREA 
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TYP  SECTION  B-B 
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DEPARTMENT  OP  THE  ARP/)Y 

SAN  FRANCISCO  DISTRICT,  CORPS  OF  ENGINEERS 
211  MAIN  STREET 

SAN  FRANCISCO,  CALIFORNIA  9410S 

April  25,  1983 


Construction-Operations  Div. 


ilr.  George  Armstrong 
Department  of  Boating  &  Waterways 
1629  S.  Street 

Sacramento,  California  95814 
Dear  Mr.  Armstrong: 

This  is  to  confirm  the  Buhne  Point  Demonstration  Project  Steering 
Committee  Meeting  to  be  held  at  the  Humboldt  Bay  Harbor  Recreation  and 
Conservation  District  Office  on  3  May  1933  at  1:00  PM. 

Preliminary  plans,  schedules  and  cost  estimates  for  Phase  I  (H  - 
pile  with  wood  lagging  groin  parallel  to  Fields  Landing  Channel  from 
the  southwest  end  of  Buhne  Point  Road  near  the  intersection  of  Halibut 
Avenue  and  a  smaller  offshore  structure  north  of  the  spit);  Phase  II 
(plac°H=nc  of  dredged  fill  material  in  the  area  formed  by  the  two  struc- 
tures;)and  proposed  model  studies  of  the  project  area.  Additional  items 
to  be  discussed  are  the  lands,  easements  and  rights-of-way  for  project  con¬ 
struction;  maintenance  agreement  for  the  erosion  phase  of  project;  schedule 
and  cost  estimates  for  design/construction  of  Buhne  Point  Road;  and  coordin¬ 
ation  with  Coastal  Zone  Commission  and  Regional  Water  Quality  Control  Roard. 

The  following  persons  have  been  invited  to  attend  this  meeting: 

Dave  Eyres 
Tot  Smi th 
Jack  Aldorson 

Guy  Kulstad 
Don  Tuttle 
George  Armstrong 

Fd  Weeks 
Mrs.  Scott 
Deal  Sponsor 
Jack  Earless 
Jack  McKellar 


Copy  f  urn  i  short: 
federal  Highway  Admin 
i  fid  31 

4f  /II,  St.  ,  S.W. 

Wav  i  i  !:• !  i  on  ,  ().  C.  2D 


Federal  Highway  Administration 

Federal  Highway  Administration 

Humboldt  Bay  Harbor 

Recreation  and  Conservation  District 

County  of  Humboldt 

County  of  Humboldt 

California  Department  of  Boating  and 
Waterways 

Pacific  Gas  and  Electric  Company 

King  Salmon  Area  Residents 

Los  Angeles  District,  Corgis  of  Engineers 

San  Francisco  District,  Corps  of  Engineers 

Eureka  Project  Office,  S.F.  District,  Corps  of  Lngrs. 


i  ■■  t  ra  L  i  on 


DEPARTMENT  of  THE  ARMY 
Orricr  of  the  chief  ok  rMGiNfXRs 

WASHINGTON.  O.C.  20114 


k1 


whsc-d 


6  AFP.  1333 


Mr.  Frank  Torkelson,  Interim  Director 
Department  of  Boating  and  Waterway3 
State  of  California  -  Resources  Agency 
1629  S.  Street 

Sacramento ,  California  95814-7291 
0..;.r  Mr.  Torkelson: 

I  am  responding  to  your  letter  of  February  23,  1933,  in  which 
you  provided  a  status  of  your  agency's  planning  efforts  for  the  Buhne 
Spit  shore  protection  project. 

The  San  Francisco  District  has  been  given  the  lead  role  for 
development  and  construction  of  the  shore  protection  at  Buhne  Point. 
Colonel  Fid  Lee,  San  Francisco  District  engineer,  is  the  overall 
manager  for  the  project.  He  will  insure  close  coordination  at  all 
levels  -  Federal,  state,  and  local. 

In  connection  with  the  beach  replcn ishrent.  Sail  Francisco 
District  will  do  sediment  sampling  to  determine  the  best  area  to 
position  a  hydraulic  euttorhead  dredge  to  enable  the  coarser  sands  to 
be  pumped  directly  on  the  beach.  Plans  and  specifications  for  the 
beach  replenishment  will  be  prepared,  and  we  anticipate  a  contract 
award  early  this  fall. 


1  appreciate  your  interest  in  our  dredging  program,  and 
particularly  your  interest  in  dredged  >;  iterial  ns  a  beneficial 
resource.  Colonel  Lee  and  his  staff  will  continue  to  coordinate 
directly  with  you  on  their  efforts  at  Buhne  Point. 


Sincerely , 
r 

//  / 

>!  r.  j  r- 

(  w.  J:  ■ 

t  '  ‘  . 

John  K.  V.f  il.l  ,  *  •'.  -  < 

*•  “  Mnjo-*  (h*  U.  .‘r.  Atviy 

I )  i  i  o  lu  •  ■  o  f  C  .i  v  i  \  Wo  •  •  1  :s 


nj .  Gsa.  John  F.  Wall 
Oirector  of  Civil  Worsts 
'tepartswnt  or  the  A  ray 
Office  of  the  Chief  of  engineers 
■■•’ashiogton,  D.  C.  20314 

Haply  to  Attention  of:  WSFC-D 

5U2J/=C7:  Buhn9  Point  Dredge  Spoil  Aren,  Kumboldt  Bay,  California 
Bear  Ceneral  Wall: 

appreciate  your  consideration  and  stu’.y  for  placin';  0red.,s  spoils 
within  the  Buhne  Point  Sho *1  area.  At  the  present  tine,  -he  Dep:»rtr.cnt 
of  Boating  ani  V.'at orny-,  (Cal  Boating)  is  in  the  preliminary  design 
hose  of  a  shore-protection  project  for  the  Buhne  Spit  area.  Vs  have 
developed  several  alternative  plans  for  the  project  rieo  which  provide 
a  groin  system.  The  groins  will  provent  sands  from  tha  Buhne  I'oint 
urea  being  transported  into  tho  Fields  Landing  Channel  and  also  into 
coo  Pacific  Cas  and  Kloctric  Company  (DC  If)  cooling  water  : nta’to  channel 
(Fisherman1 s  Channel).  Prints  of  the  conceptual  plans  and  cost  estimates 
arc*  '•nclosed. 

'ilia  Buhne  Point/iCing  fa  loon  Shore  Protection  Project  is  included  in 
Cal  Boating's  FY  1933-34  Budget.  Vo  have  sufficient  funds  for  construc¬ 
tion  of  the  structures  but  no  funds  allocated  this  year  for  sand  fill 
fo  provide  the  protect ive  beach  within  the  groin  pochet.  Vo  have 
assumed  that  the  Corps  of  Fnginsers  would  deposit  dredge  spoils  within 
tin  project  area  over  a  period  of  several  years,  providing  sand  fill 
for  a  protective  hooch.  Plan  A,  enclosed  would  require  appro  d.iately 
2 Dil, 000  cubic  yards  of  sand  fill.  The  other  alternatives  would  require 
•  h  nt  the  same  quantity  of  sand. 

•••’..•■a  atarial  fro  a  the  middle  ..rr-vi  •.  nld  ,»rt)V*  '*  .  • 

jui'e-t  ‘hr  o*ir  proj  ct.  would  that  the  •:» 

■  trie:  invest  ig.it  >  -  he  ::  ■if  an  m  vi  1. :  i ••*/  guncout' '  •- 
•■•  ■  ,e  ca'.lld  be  anchor jd  a  lea  ’.side  th  ■  hopper  jr.-.l;  i  eh 


i ral  Wall 


-2- 


i.'.i.lirs  Channel,  i-ue-liatoly  downbay  of  the  project  area.  This  method 
••ould  be  an  alternative  to  dumping  the  material  in  quiet  waters  and 
pulping  the  sand  to  the  site  by  use  of  a  hydraulic  cuttcrhead  dredge. 

Cvi  '.eating  used  this  ’’ethod  successfully  on  the  .M  arte  da  teach  Pinourish- 
...  j.'.t  Project,  co,.ipl‘Jtad  last  fall. 

Cal  boating  will  be  very  interested  in  the  cost  of  sand  and  method  of 
delivery  to  the  Burma  Spit  project  site.  If  you  have  any  questions 
about  the  shore-protection  project,  please  contact  George  Armstrong, 
Supervisor,  Beach  Erosion  Branch,  at  (016)  445-8349. 

Sincerely, 


FRANK  TORKELSON 
Interim  Director 


i  o.cljsures 


co:  Mr.  J.  Robert  hcinisten  w/encls. 

I’XE,  South  Pacific  !)iv. 

Col.  Gary  Lord,  District  Engineer  •..•/ends. 
U.CH,  San  Francisco  Lu  strict 

Mr.  Jack  Aldersoa 
1'unboldt  Bay  Harbor,  ;’.acreation 
and  Conservation  l)i  itrict 


C.'.V.cn 


February  13,  1933 


Ar.  :'oy  Trent 

Penartaent  of  Transportation 
rr'jnl  Highway  Administration 
:.jje  irch  Department,  Boon  6320 
400  -  7th  St.,  South  ’vest 
Washington,  D.C.  20390 

SU2J2CT:  Buhns  Point  Shora  Protection  Project,  King  Saloon, 

Humboldt  Bay,  California 

Pear  .’-ir.  Trent*. 

inclosed  are  copies  of  the  conceptual  plans  and  cost  estimates  for  the 
"urine  Point  project.  The  various  plans  ars  designed  to  intercept  sand 
•••hich  would  be  transported  down  bay  toward  the  Fields  Landing  Channel 
::id  subsequently  find  its  way  into  the  PG3L  cooling  water  intake  channel 
(Fishernan’s  Channel).  The  plans  also  provide  a  ’’groin  pocket"  to  trap 
any  littoral  transport  and  tfith  tine  build  a  wide  protective  beach. 

Tic  proposed  projects  will  recreate  Kuhns  Spit  to  its  approximate  area 
ii  1953.  Sand  fill  is  not  included  in  the  cost  estimates  enclosed,  he 
: ..iv.icipato  that  the  U.  S.  Any  Corps  of  Cngineerr.  will  •  njjlt  their 
•  ainfan.ince  dredge  spoils  within  the  groin  pocket.  The  t  t;.ie  nr  cos  airy 
fill  the  pocket  will  he  dependent  on  the  >vai lahil ity  of  send  o.t! 

.he  fro  gaency  of  oaintemnee  dredging. 

T'-j  I'.foartisant  will  bo  coordinating  the  project  design  with  all  local, 
state  and  federal  agencies.  Vs  will  fend  you  a  copy  of  our  feasibility 
report  ’hen  completed.  The  conceptual  design  will  give  you  an  under¬ 
standing  of  tha  scope  of  the  project  and  how  it  will  fit  into  your 
future  project.  Cur  project  can  be  considered  "Phase  I"  of  any  suh- 
s/'i'L’ent  development  on  Buhr.e  f.pit. 

If  you  have  any  further  questions  about  our  proposed  project,  please 
'e.)l  "roe  to  contact  George  Armstrong,  fu  vrvisor,  Bench  lirosion  branch, 
T  (  >?.,)  445-8349. 


fd  ace  rely. 


BILL  S.  SVfCV,  Chief 
''.•ating  Far il’  wes  I'i”5.  i  >n 


i  ■.  h.  Aid-*  -  ;on 


February  17,  1933 


Mr.  Don  Tuttle 

Natural  Resources  Division 
Department  of  Public  TYork3 
County  of  Humboldt 
11Gb  Second  Street 
Hureka,  California  95501-0S79 

SUBJECT:  Buhna  Point  Shore  Protection  Project,  Kin;;  .Salmon, 
Hunboldt  County 

Pea*  Hr.  Tuttle: 

Enclosed  .are  prints  :.r.d  vist^-s  of  the  alternative  plans  rad 
cost  estimates  for  the  i'uhne  Point  project  to  be  included  la 
vaur  environmental  ducii.asat. 

r-'e  will  forward  to  you  a  draft  copy  of  the  feasibility  report 
when  completed. 

If  you  need  any  other  plates  from  the  feasibility  report  for 
your  environmental  dociraeti:,  please  contact  f  aor^t  Armstrong, 
fupervisor,  Beach  Erosion  Branch,  at  ()1.'>)  ’•  *3-3349. 

Sincerely, 

WILL  A.  ;  .VTO  4,  Chief 
roatine  Facilities  Division 


C'aP'Gr.  A.  AX 'off'  hi,  Rv  eerviso 
!  *  * r h  Erosion  .ran-,  h 


.•nil 
■ !  a  -e  )  ri 


G '  \  :■ 


h  'l  it  ro. 
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ATT.  NftOtt  OF. 


DEPARTMENT  Or  THE  ARMY 
of  net:  or  tm«:  cMirr  oi-  i  noim 

WASHING  ION.  U.C.  2031) 


t 


'.iiiSC-D 


•;  ,*  i  i  •,  ire 
•v  -  %JI id  I.U.1 


Ms.  Marty  Mercado 

Dcpartaaat  of  Boating  and  Viater«ay3 
State  of  California-Resources  Agency 
1o?9  S  Street 

Sacramento,  California  9b3l9 
bear  Mr.  Mercado: 

This  is  in  further  response  to  your  latter  of  October  22,  1982, 
to  Lieutenant  General  J.  K.  Bratton,  Chief  of  engineers ,  regarding  the 
lidhr.e  F'oint  dredged  material  disposal  area. 

The  Corps  agrees  that  efforts  should  be  node  to  utilize  dredged 
dr.  for  beach  replenishment  at  Huhne  Point.  The  area  in  question 
n:;  a  disposal  site  for  new  construction  dredging,  of  Fields  Landing 
Channel  wh  >  ch  was  aacompl  iv.he.1  in  the  1930'::.  The  nodi  went,  which  war. 
fii,:  san-d  and  silt,  vrv.  placed  hydr.'.u' ic ally  in  ::  confined  area  and 
c’uval'Tod. 


Most  of  the  .-  .-1  i: :  -its  presently  h:>pp.*r  0  •'edged  from  tin  Fields 
Landing  .and  North  i:  >y  Channels  tend  to  be  finer,  ranging  froai  s-a  ly 
niU.s  to  silts  aaJ  clays  and,  therefore:,  nay  not  be  suitable  for  beach 
rvplcnl.vh~.snt.  However,  ?;<:d im-nta  removed  from  the  Middle  ground,  at 
t  h  •  f  ast  t  ad  of  the  entrance  channel ,  are  coarse  sands,  and  should  be 
id  mI  for  be  tch  replenishment.  Two  tvquiroc.ents  for  use  of  these 
sends  at  Buhne  Point  arc  a  groin  isysten  to  prevent  s  i.-id  transport  into 
Fields  Landing  Channel  and  equipment  to  transfer  the  .".and  to  the 
t  ach. 


bridging  of  th"  Middle  ground  i  ist  be  a  -comp'  i ;:h  :  i  by  hopper 
dvr.lgo  i.  Th  ve  are  na  :  litab’e  hopper  dredge.;  available  for  this 
project  which  h  iv  a  direct  (:  rnn.it  <:  ipabi  l  ity.  1V>.>  i:lr.'i  of  severe 

r.)vr...i!.r.,  w  iVrr,  w'ralb-r  ,-.r.d  :  ifVly  co.isi  d  rrat  ■  oa  ; ,  other  tyri  's  of 

d-  i  fig.  S’!  ..t,  such  .:  s  Myd-eiltC  el.  o  ■  i:  •  a  1  e.;  e, ;  ;>  '.''■at , 

c  amt  be-  till  lie:. I  e.l  lb!s  lo':!  ion.  In  order  1m  seVi...'  ■  rily  pi  ■>  c 
t  1 1  d.  edg-i'l  :.  : 1 1  1  i .  ,  Ibe  b  a  e’l ,  i  \  w  >u  1  >1  b  -  ■  ii  :.:e  .  .  •  ry  t  •  >  .  .p  i  !  i  ,  •  ,■ 

■  ■  :  .ri  I  i  <■  r .  1 1  V  •  ;  •  I  dred,.'  Is  I'1  ’’  ..ri  :  Ira.i  a  d  p,  oriel  ..gee 

'*  ie  r  !  r  a  1  *  ‘ .  t  of'  ;  -  .  g •  .  •  d_ .  ' .  *i  b  i l  > .  I  \  g  :  < - 

i ' ' '  i  v  t  i  ■ .  ■  v  i  a  1  ■  I  /  all  in  •  1  i  i  :  i  c  r  r.  <a-  •  tra 

.  .  '  i  b  ; . '  l.r  1.  !  ...  b  I  h  p :  e.l  •  1  b  ■  ■  I  s:i:> 

1  -1.1  :  n  ;  th.  b  ■  h  i  .laid.-  "d  . 


i  l  by  haul  i  c 
;  i  1 1  .  im  dr:  h  h 

•  or  r  b  i  t.y 


Trio  Corps  is  avruvr  of  the  eror; i  on  problems  at  Buhne  Point 

on  i  the  potential  benefits  of  erosion  control,  recreation  anti  rnndy 
habitat  development  with  a  beach  replenishment  program.  The  San 
franc i sco  District  is  presently  developing  cost  analysis  estimates  for 
b-- *o'a.  replenishment  from  the  potential  sources  mentioned  above.  The 
.ilrtrict  Knginear  wili  provide  these  estimates  to  you  an  soon  as  they 
finalized. 


Sin; 


■siy. 


— - 

VSoTufy.  Wall 
iMajor  General,  U.  S.  Army 


irector  of  Civil  Work3 
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December  24,  1982 
Mr.  George  Armstrong 

California  Department  of  Boating  and  Waterways 
1629  "S"  Street 
Sacramento,  CA  95814 


RfC-VilibG:  Buhne  Point  Shore  Protection  Project,  King  Salmon, 

Humboldt  Bay,  Envi  ronmental  Document 


Dear  "r.  Armstrong: 

'  ne  loved  is  a  copy  of  the  preliminary  environmental  document  for  the 
Brb.v  (’uint  project. 

intend  to  revise  the  document  (after  the  draft  feasibility  study  is 
sent  to  us)  to  include  a  discussion  of  the  sub-alternatives  to  the 
groin/rubble-mound  breakwater  project.  We  will  revise  the  document  to 
include  any  additional  impacts,  if  any,  and  correlate  the  alternative 
construction  project  titles. 

The  document  is  double-spaced  for  purposes  of  making  any  comments, 
addition-.,  corrections  you  find  are  necessary. 

Hope  to  hear  from  you  after  January  1. 

Sincerely, 


/7  /  ,  .e 

-  V.  (S  /  yjjf  ’ 

A.‘  f!  aTzll  "  •' 

. mm.  1  siudcrs  mvi'.iod 
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December  3,  1982 


!'r.  Don  Tuttle 
Dept.i'bienL  of  Public  Works 
1105  Second  Street 
Eureka,  CA  95501 

Subject:  Huiiboldt  Boy  Bathyrretry  Survey 


Pear  Don, 

Pit  a so  find  enclosed  tho  Pa thy. e try  profiles  v:e  discussed  on  the  phone. 

I  hope  they  will  he  of  use  to  you. 

1  he vo  been  infornvd  that  our  contractor  lias  completed  our  seawall  and 
that  your  section  should  1>«  ro:  plated  by  Saturdiy.  1  plan  to  fly  up  to 
futeka  rr-xt  week  to  t.ke  a  look  at  tin*  wall  and  hope  to  see  you  at  that 
tii  ■. 


If  1  can  be  of  any  further  help  or  wish  to  discuss  the  enclosed  data, 
please  call  iv  at  (41b)  701-4211 ,  extension  2521  . 


Sincerely, 

a-"  7  r 
/  — *>- 
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OCT  ?-  2.  ,982 


-hjor  General  Joseph  K.  Bratton 
;’■■■  ior  a  r  Engineers 
'  i:t^en£  of  the  A: my 
iorre.st.al  Building 
i  hshington,  D.C.  20312 

S'JTJCCT:  Buhno  Point  Dredge  Spoil  Area,  ihmboldt  Bay,  California 
I'tar  General  Bratton: 

The  Stato  of  California’ s  "Policy  for  Shoreline  Erosion  Protection" 
troisulgated  on  September  14,  1973  by  the  Secretary  of  Resources  under 
I\,  Planning  and  Regulations,  Subsection  C  stipulates: 

"Poach  and  dune  sand,  and  similar  sediment  lying  la  river  beds, 
estuaries  or  in  harbor  channels  is  a  vnluablo  resource  that  should 
ho  used  for  shorellna  protection.  It  is,  thernf ora,  the  ;*>licy 
of  the  Resources  Agency  that  all  such  dredge  or  excavation  material 
r.nwvsd  within  the  coastal  zone  or  near-shore  waters,  which  is 
suitable  in  quantity,  size,  distribution,  and  cheoicnl  const ituoncy, 
ha  discharged  ns  follows: 

1.  Directly  onto  n  natural  beach  in  ;  n  nporopri  u  >  ■.ana-  for 
effect iva  reach  ru>”ri  sh.oent  and  in  r.  . -a :in r  to  prot-ct 
significant  natural  resources  .  nd  the  public  >;•>•>  of  ouch 
resources  at  those  locations;  or 

7 .  Then  bench  nouris.ment  is  not  needed  or  rvinropr  lat-a  at  the 
tire  of  dredging,  the  sand  should  le  deposited  at  location* 
for  eventual  use  for  beach  nourishment,  provide!  that  suitable 
locations  aro  available  and  steps  ire  taken  to  ..roevet  loth 
significant  natural  resources  .  id  the  public  use  of  such 
resources  at  those  locations;  or 

o.  in  thosd  instances  where  qnan“ity,  distribution,  o  -  ch-aiial 
constituency  of  hr.-dge  or  oxz.iv  it  ion  Mterial  Ini*  its  use 
;>s  describe, i  ja  paragraphs  one  and  two,  the  tutorial  should 
In  used  to  optimize  its  mineral  values  o-  its  utility  as 
construction  material;" 


I.  .  v  bl-.Vtt  ■  '■  ,  lp7.>,  r:th  <*'  l-russ,  nt  '  in  l  .  .  r  0  •  S ; 

'  •••tarv  •  -.*  ii-  -  •/.  c:i.i  '  thro".  ;h  ’  •  thief  -  :  r..  '•  : 

-•1  upi  n  . t  .  lit  n‘  ih.u  .‘-tati.  Pi  t  ice  on  ,*h-!  :  •  ! .  ..-.ch 

■  ich— i’l.il  i  •  ;  l  -  i.-S  b  u  i  •■!;.!!  :  (  iso  is-  ,  :  a  •  •  >  1 


\.u.  Drat  ton: 


-2- 


k 


v  \in Gaining  navigation  inlets  and  channels  adjacent  to  such  beaches, 
if  the  Secretary  decas  such  action  to  be  in  the  public  interest  and 
u  van  payment  of  the  increased  cost  thereof  above  the  cost  required 
Sir  .-.Itemativa  methods  oc  disposing  of  such  sand." 

The  Euhna  Point  area,  an  ihrnboldt  Bay,  California,  was  built  from 
previous  Corps  of  Engineers’  channel  maintenance  dredging  spoils  in 
the  late  1930’s.  Thi3  dredge  spoil  sand  fill  lasted  for  over  40  years. 

The  f.tata  of  California  requests,  under  the  provisions  of  PL  94-387, 
and  in  conformance  with  "The  Policy  for  Shoreline  Protection",  that 
tho  Corps  of  Engineers  place  channel  maintenance  and/or  new  work  dredged 
sand  on  the  Buhne  Point  Spit  area.  It  i3  believed  that  placement  of 
card  on  Bidme  Spit  will  be  loss  costly  than  the  present  method  of 
n'iucomsnt  at  sea.  The  State  also  requests  that  a  determination  of 
os-  be  made  if  the  placement  of  sand  on  Buhne  Spit  is  store  costly. 

":hc  State  would  consider  contributions  to  make  up  the  difference  in 


Informal  discussions  between  Mr.  George  Armstrong,  Supervisor,  Beach 
irislon  Branch  of  this  Department  and  the  Department  of  Pish  and 
Gate,  .North  Coast  Rajian  '.'it or  Quality  Control  Board  and  the  otato 
Coastal  Commission  indicates  that  the  proposes d  dredge  spoil  project 
■  it  i'vhne  Point  does  not  have  .any  major  .'nviroo.oent  al  pro  bin  is. 


Sincerely, 


.t«TY  MERCADO 
Director 


'  r.  Jack  Alderson 
Mr.  Giry  Xulstad 

Brig.  Ccn.  Homer  .lolimt  one 
Col.  Gary  I.ord 


SECTION  2 

PHASE  II  BASIS  FOR  DESIGN 


Buhne  Point  Shoreline  Erosion  Demonstration 
Project,  Phase  11,  Humboldt  Bay 
Basis  For  Design 


1.  Phase  I  Timber  Groin.  The  Phase  I  timber  groin  was  designed  by  Humboldt 
County  with  soil  design  values  provided  by  the  Los  Angeles  District  Corps  of 
Engineers.  The  design  values  are  based  upon  soil  investigation  conducted  in 
June  1983  and  are  given  in  Table  4  of  the  Inclosed  foundation  report.  The 
total  length  of  the  timber  groin  would  be  1,230  feet.  It  would  begin  at  the 
existing  stone  riprap  along  Buhne  Drive  at  coordinates  N  519,204.06  and 

E  1,385,293.08.  From  sta.  0t-00  to  sta.  10+00,  the  timber  groin  would  have  a 
direction  north  32  degrees  west,  generally  paralleling  the  existing  Fields 
Landing  channel.  From  sta  10+00  to  sta  12+50,  the  timber  groin  enters  a 
circular  curve  of  600  feet  radius  and  central  angle  of  57  degress,  17  minutes, 
and  45  seconds.  A  200-foot  long  rubble  mound  head  (sta  12+00  to  sta  14+00) 
would  be  provided  to  protect  the  seaward  end  of  the  timber  groin.  A  6-f oot- 
wlde,  5-foot  high  stone  toe  protection  structure  consisting  of  one-ton  stone 
and  quarry  waste  would  be  placed  along  the  downcoast  (south)  side  of  the 
timber  groin  to  prevent  scouring  of  the  toe.  A  filter  fabric  on  the  up coast 
(north)  side  would  be  provided  to  prevent  the  phase  II  sandfill  from  passing 
through  voids  in  the  timber  groin. 

2.  The  primary  function  of  the  timber  groin  is  to  stabilise  the  phase  II 
sandfill  and  prevent  it  from  being  transported  downcoast  into  the  Fields 
Landing  Channel  by  the  predominant  downcoast  drift.  The  downcoast  drift  is 
caused  by  the  diffracted  deep  water  wave  trains  approaching  through  the 
entrance  channel  and  tidal  current  in  the  bay.  The  length  of  the  timber  groin 
is  based  upon  the  amount  of  structure  that  can  be  constructed  with  the  State 
Department  of  Boating  and  Waterways  budgeted  funds  of  $495,000.  The  objective 
is  to  build  the  longest  groin  possible  with  the  available  funds  for 
stabilizing  the  phase  II  sandfill. 

3.  Soils  Investigation.  Soils  investigations  were  conducted  in  July  1983  to 
determine  the  extent,  distribution,  and  physical  properties  of  the  foundstlon 
and  borrow  area  wterlals  for  the  proposed  alignments  of  the  timber  and  stone 
groin  and  stone  slope  protection  and  fill  off  Buhne  Point  in  Humboldt  Bay, 
California.  Detailed  information  of  the  borrow  materials  and  foundation 
conditions  were  obtained  in  order  to  provide  a  sound  basis  for  the  design  of 
the  proposed  structures.  The  Inclosed  report  describes  the  soils  and  soil 
properties,  soil  explorations,  field  survey  and  laboratory  testing,  analysis 
of  data,  soil  design  values,  and  discusses  some  of  the  design  and  construction 
considerations (Incl  1). 

4.  Phase  II  Sandfill.  The  phase  II  sandfill  was  designed  to  temporarily 
restore  the  spit  at  Buhne  Point  and  provide  protection  for  Buhne  Drive  and 
underground  utilities.  A  borrow  area  about  4,000  feet  long  and  400  feet  wide 
adjacent  to  the  North  Bay  Channel  of  Humboldt  Bay  wil.'  be  dredged  to  a  project 
depth  of  minus  35  feet  mean  lower  low  water  (MLLW)  and  will  provide  about 


600,000  cubic  yards  of  aaterlals  for  the  sandflll.  A  2  feet  over-depth  Is 
allowed  for  the  dredging. 

5.  The  aaterlals  in  the  borrow  area  consist  predominantly  of  loose  to  very 
denser  fine  to  aediua  grained  aands  with  ahells.  For  the  sands,  the  percent  of 
the  material  by  weight  passing  the  No.  4  sieve  varies  from  98  to  100  percent', 
the  percent  passing  the  No.  10  sieve  varies  from  92  to  100  percent,  and  the 
percent  passing  the  No.  200  sieve  varies  from  1  to  6  percent.  Approximately 
90  percent  of  the  material  In  the  borrow  area  will  be  sand.  The  remainder 
consists  of  silt  or  clay  material. 

6.  The  materials  at  Buhne  Point  consist  of  layered  heterogeneous  soils 
extending  to  a  depth  greater  than  60  feet.  The  upper  layer,  varying  in 
thickness  from  9  feet  near  shore  to  20  feet,  consists  of  gravelly  sands  and 
sands  with  shells.  The  percent  of  the  material  by  weight  passing  the  No. 4 
sieve  varies  from  64  to  100  percent^ and  the  percent  of  the  material  by  weight 
passing  the  No.  200  sieve  varies  from  1  to  9  percent. 

The  second  layer,  varying  In  thickness  from  8  to  14  feet,  consists  of  plastic 
sandy  silts  and  sandy  clays.  The  percent  by  weight  passing  the  No.  4  sieve 
varies  from  95  to  100  percent,  and  the  percent  by  weight  passing  the  No.  200 
sieve  varies  from  56  to  81  percent.  The  third  layer  occurs  below  elevations 
ranging  from  -32  to  -35.5  feet  MLLW  and  consists  of  dense  silty  sands  and 
medium  to  fine  sands.  One  hundred  percent  of  the  material  by  weight  passes 
the  No.  4  sieve.  The  percent  of  the  material  by  weight  passing  the  No.  200 
sieve  varies  from  5  to  21  percent. 

7.  The  material  In  the  borrow  area  would  be  excavated  by  hydraulic  dredging 
and  could  be  placed  from  the  upcoast  end  to  the  downcoast  end  of  the  timber 
groin  until  the  required  amount  of  material  has  been  dredged.  The  average 
pumping  distance  from  the  borrow  area  to  the  sandflll  is  approximately  1.2 
■Ilea.  To  minimise  erosion  the  crest  elevation  of  the  sandflll  would  be  plus 
15  feet  MLLW,  and  the  material  would  be  spread  out  during  the  phase  III 
project  to  plus  12  feet  MLLW.  The  seaward  construction  slope  of  the  sandflll 
would  be  1  vertical  on  10  horlsontal,  and  it  is  estimated  that  the  equllibrulm 
slope  would  be  1  vertical  on  15  horlsontal.  The  construction  slope  of  the 
sandflll  at  the  timber  groin  would  be  1  vertical  on  3  horlsontal  which  is 
approximately  the  angle  of  repose  for  the  dredged  material.  The  elevation  of 
the  sandflll  at  the  timber  groin  would  be  about  plus  11  feet  MLLW. 

8.  Model  Study.  Tidal  currents  and  wave-induced  currents  are  the  major 
contributors  to  the  erosion  problem  at  Buhne  Point.  Since  there  Is  no 
guidance  for  the  design  of  engineering  structures  for  such  areas  where  wave- 
induced  and  tidal  current  Interaction  is  significant,  a  series  of  model 
studies  are  proposed  to  evaluate  alternative  plans  required  for  the 
alleviation  of  shoreline  erosion.  A  1: 100-scale  physical  model  of  central 
Humboldt  Bay  is  proposed  to  determine  the  wave  climate  (angle  of  the  wave 
front)  and  will  Include  the  entrance  to  Humboldt  Bay,  the  central  portion  of 
the  Bay,  the  Buhne  Point  area,  and  approximately  18,000  linear  feet  of 
shoreline  Inside  the  Bay.  A  range  of  significant  wave  periods  and  heights 
will  be  generated  through  the  jetties  (from  the  Pacific  Ocean)  for  various 
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directions  and  still-water  levels  (SWL's)  both  with  and  without  tidal  flow 
conditions  to  determine  the  wave  climate  in  the  vicinity  of  the  problem  area. 

A  l:50-scale  physical  model  of  Buhne  Point  Is  proposed  to  determine  the  causes 
of  erosion  at  the  point  and  the  effectiveness  of  various  improvement 
structures  under  various  wave  and  tidal  current  conditions.  A  curved  wave 
generator  capable  of  reproducing  a  variable  height  wave  front  (as  determined 
in  the  1: 100-scale  model  of  central  Humboldt  Bay)  will  be  used  to  generate 
test  waves  for  various  SWL’s  both  with  and  without  tidal  flow  conditions.  A 
1 :50-scale  model  Is  required  since  wave  breaking  and  sediment  transport  are 
important  In  the  area,  and  scale  effects  become  significant  for  scales  greater 
than  approximately  1:50. 

A  two-dimensional  hydrodynamic  tidal  circulation  numerical  model  is  proposed 
to  determine  the  tidal  current  field  in  central  Humboldt  Bay  and  adjacent 
Buhne  Point.  Maximum  flood  and  ebb  tidal  current  velocities  will  be 
determined  and  used  In  both  the  1: 100-scale  physical  model  of  central  Humboldt 
Bay  and  the  l:50-scale  physical  model  of  Buhne  Point. 

A  three-dimensional  sediment  transport  numerical  model  of  Humboldt  Bay  Is 
proposed  to  determine  the  Impacts  of  the  proposed  Buhne  Point  structures  on 

adjacent  areas  In  the  Bay.  It  will  determine  If  the  proposed  structures  would 

produce  or  result  In  erosion  problems  at  other  locations  not  included  In  the 
physical  model  or  shoaling  problems  in  the  navigation  channels. 

In  summary,  the  two  physical  hydraulic  models  and  two  numerical  models  would 
determine  the  effectiveness  of  engineering  structures  to  alleviate  erosion 
problems  at  Buhne  Point,  Humbdolt  Bay,  California.  The  final  solution 

required  to  protect  the  project,  based  on  the  hydraulic  model  tests  results, 

will  be  Incorporated  Into  the  Phase  III  project. 


Prepared  by 
Los  Angeles  District 
February  1984 
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1.  PURPOSE  AND  SCOPE. 

Soils  Investigations  were  conducted  to  determine  the  extent,  distribution  and 
physical  properties  of  the  foundation  and  borrow  area  materials  for  the  proposed 
alignments  of  the  timber  and  stone  groin  and  stone  slope  protection  and  fill  off 
Buhne  Poi  nt  in  Humboldt  Bay,  California.  Detailed  information  of  the  borrow 
materials  and  foundation  conditions  were  obtained  in  order  to  provide  a  sound  basis 
for  the  design  of  the  proposed  structures.  The  report  describes  the  soils  and  soils 
properties,  the  soils  exploration,  field  and  laboratory  testing,  analysis  of  data, 
soil  design  values,  and  discusses  some  design  and  construction  considerations. 

2.  SITE  DESCRIPTION. 

The  proposed  project  is  located  off  Buhne  Point  in  Humboldt  Bay,  California. 

The  site  is  a  tidal  mud  flat  varying  in  elevation  from  +1  to  -1!  feet  MLLW,  The  site 
is  normally  covered  by  water  and  is  exposed  only  during  low  tide.  See  plate  1  for 
location  of  project. 

3.  PROJECT  FEATURES. 

The  proposed  project  consists  of  a  timber  groin  1250  feet  in  length,  a  stone 
groin  150  feet  in  length  from  the  end  of  the  timber  groin,  approximately  600,000 
cubic  yards  of  sand  fill  and  stone  slope  protection.  See  plate  1  for  location  and 
typical  section  of  project  features.  , 
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4.  FIELD  INVESTIGATIONS. 


Geotechnical  investigations  consisted  of  drilling  holes  with  a  barge  mounted, 

4  inch  diameter  rotarv  wash  drill  rig  along  the  proposed  alignment  of  the  g^oin  in 
the  fill  area  and  in  the  borrow  area.  See  plate  1  and  2  for  location  of  drill 
holes.  Representative  disturbed  samples  were  obtained  at  5-foot  Intervals  for 
classification  tests.  Undisturbed  samples  along  the  proposed  alignment  of  the  groin 
were  obtained  with  a  drive  Sampler  at  depths  below  30  feet  in  TH  83-3  thru  5  and 
with  a  3-inch  diameter  Shelby  tube  sampler  in  TH  83-1  thru  3  to  obtain  samples  for 
detailed  laboratory  testing.  The  borings  bv  general  location  and  depths  are 
summarized  in  the  table  1. 


TABLE  1 

EXPLORATION  SUMMARY 

LOCATION 
Groin 

Fill  Slope  Area 
Borrow  Area 

5.  FIELD  TESTS  AND  RESULTS. 

a.  Standard  Penetration  Tests. 

Standard  Penetration  Tests  were  performed  in  all  the  test  holes.  The  test 
consists  of  driving  a  sampling  spoon,  having  an  inside  diameter  of  1-3/8  inches  and 
an  outside  diameter  of  2  inches,  with  a  140-pound  hammer  falling  from  a  height  of 
30  inches.  The  sampling  spoon  is  seated  6  inches  and  the  penetration  resistance  is 
recorded  as  the  number  of  blcws  required  to  drive  the  sampler  one  additional  foot. 


HOLE  NO. 


DEPTHS  ( Ft. 1 


TH  83-1  thru  5 
TH  83-7  thru  11 
TH83-6,  8  thru  10 


22  to  68.5 
11.5  to  21.5 
15  to  28.5 


b.  Drive  Sampler. 


Density  samples  were  obtained  using  a  Drive  Sampler  and  submerged  hammer 
along  the  proposed  groin  alignment.  The  sampler  which  has  an  inside  diameter  of  2.0 
inches  and  an  outside  diameter  of  2.5  inches  consists  of  a  solid  spoon  which 
contains  four  3-inch  long  brass  rings  having  an  inside  diameter  of  1.93  inches  and 
an  outside  diameter  of  2.0  inches  and  a  6-tnch  waste  barrel.  The  hammer  was  dropped 
from  a  height  of  18  inches  and  has  a  weight  of  376  pounds.  The  driving  resistance 
was  measured  as  the  number  of  blows  by  the  submerged  hammer  to  drive  the  sampler  one 
foot  after  seating  the  sampler  8-inches. 

6.  LABORATORY  TESTS  AND  RESULTS. 

a.  Testing  Methods. 

Representative  disturbed  and  undisturbed  samples  were  sent  to  the  South 
Pacific  Division  (SPD)  Laboratory  for  testing.  The  testing  program  consisted  of 
unconfined  compression,  consolidation,  densi  tv,  mechanical  analysis  and  Atterber 
limits.  These  tests  were  performed  in  general  accordance  with  EM  1110-2-1906 
"Laboratory  Soils  Testing”  dated  30  November  1970. 

b.  Test  Results. 

Results  of  classification  tests  are  shown  on  the  soils  logs  on  plates  3 
and  9.  The  results  of  the  density  tests  are  shown  in  table  2,  the  results  of  the 
unconfined  compression  tests  are  shown  in  table  3,  and  the  results  of  the 
consolidation  tests  are  shown  in  table  9. 
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TABLE  1 


DENSITY  TESTS 


Hole 

Number 

Depth 

(Ft) 

Soil 

Cl  assi  fl  cation 

Dry 

Density 
(  Pep  ) 

Water 

(*) 

83-1 

14 

ML 

85 

35 

83-2 

30 

SP/SM 

103 

24 

83-3 

10 

SP 

125 

13 

83-3 

25 

a 

93 

30 

83-3 

45 

SP/SM 

102 

21 

83-3 

55 

SP/SM 

97 

25 

83-4 

30 

a /ml 

00 

31 

83-4 

40 

SP/SM 

102 

23 

83-5 

36 

ML 

106 

21 

83-5 

46 

SP/SM 

101 

22 

Hole 

Number 

83-1 

83-2 

83-3 


TABLE  7 


«  1  'f 


* 


CONSOLIDATION  TESTS  | 

I 


Hole 

Number 

Depth 

(Ft) 

Ini  tial 

Void  fiatio 

Compress!  on 

Index  (Cel 

- 

83-1 

19 

1.093 

0.28 

83-2 

30 

0.679 

0. 155 

83-3 

25 

0.929 

0.27 

7.  ANALYSIS  OF  DATA. 

a.  Groin  Foundation. 

The  foundation  materials  for  the  groin  consist  of  laye-ed  heterogeneous 
alluvial  soils  extending  to  a  depth  greater  than  60  feet.  Interpretati on  of  the 
data  contained  on  the  soils  logs  indicate  that  there  are  three  distinct  soil  layers 
in  the  groin  foundation. 

The  upper  layer,  varying  in  thickness  from  9  feet  near  shore  (TH  83-11  to 
20  feet  (TH  83-2  thru  5),  consists  of  gravellv  sands  and  sands  with  shells.  The 
percent  of  the  material  by  wei#it  passing  the  No.  9  sieve  varies  from  69  to  100 
percent  and  the  percent  of  the  material  bv  weight  passing  the  No.  200  sieve  varies 
from  1  to  9  percent.  The  SPT  penetration  resistance  for  this  layer  ranged  from  N=2 
to  N=9 >  The  layer  is  approximately  20  feet  thick. 

The  second  layer  consists  of  plastic  sandv  silts  and  sandy  clays.  The 
percent  bv  weight  passing  the  No.  9  sieve  varies  from  95  to  100  percent  and  the  No. 
200  sieve  varies  f'-ora  56  to  81  percent.  The  plastic  irdex  varies  from  9  to  8  and 
the  liquid  limit  varies  from  27  to  31.  The  in-situ  drv  density  of  this  material 
varies  from  85  to  106  pcf  with  an  average  of  99  pcf.  The  in-situ  moisture  content 
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of  this  material  varies  from  24  to  15  percent  with  an  average  of  10  percent,  '’'he 
SPT  penetration  resistance  for  this  layer  ranged  from  N  =  ti  to  N=9.  The  unconfin°d 
compression  strength  (qul  ranged  from  T?0  pounds  per  square  foot  (psf)  to  1300  psf 
with  an  average  of  1087  psf.  The  compression  index  varies  from  o.?7  to  0.28.  The 
layer  varies  in  thickness  from  approximately  8  feet  fnear  shore  TH  87-1  and  ?'  to  1U 
feet  in  TH  83-3  thru  5. 

The  third  layer  consists  of  slltv  sands  and  medium  to  fine  sands.  One 
hundred  percent  of  the  material,  bv  weight  passes  the  No.  4  sieve.  The  percent  of 
the  material  by  weight  passing  the  No.  ?00  sieve  varies  from  5  to  ?i  percent.  The 
in-situ  dry  density  of  this  material  varies  from  00  to  103  pcf  with  an  average  of 
101  pcf.  The  in-situ  moisture  content  of  this  material  varies  from  21  percent  to  30 
percent  with  an  average  of  24  percent.  The  SPT  penetration  resistance  for  this 
layer  in  TH  83-2  was  N  =  60+.  The  California  Modified  Sampler  driving  resistance 
averages  32  for  the  layer.  The  penetration  and  driving  resistance  data  indicate 
that  the  materials  are  dense  to  very  dense. 

b.  Fill  Slope  Foundation. 

The  foundation  materials  for  the  fill  slope  consist  of  sandy  silts,  sandv 
clays  and  sands  with  shells.  The  percent  of  the  material  by  weight  passing  the  No. 

4  sieve  varies  from  98  to  100  percent  and  the  percent  of  the  material  bv  weight 
passing  the  No.  200  sieve  varies  from  5  to  95  percent.  For  the  plastic  soils  the 
plastic  index  varies  from  3  to  13  and  the  liquid  limit  varies  from  77  to  3s.  The 
SPT  penetration  resistance  for  these  soils  ranged  from  N:3  to  N=7. 

c.  Borrow  Area. 

The  materials  in  the  borrow  area  consist  predominately  or  loose  to  very 
dense  fine  to  mediim  grained  sands  with  shells.  For  the  sands  the  percent  of  the 


6 


material  by  weight  passing  the  No.  U  sieve  varies  from  98  to  100  percent,  the  No.  10 
sieve  varies  from  92  to  100  percent,  and  the  No.  200  sieve  varies  from  i  to  6 
percent.  The  range  of  field  gradations  for  the  sands  in  the  borrow  area  are  shown 


in  figure  1.  Approximately  90  percent  of  the  material  in  the  borrow  area  will  be 
sand.  The  remainder  will  be  minus  No.  200  material.  The  material  in  the  borrow 
area  becomes  denser  with  depth.  The  penetration  resistance  ranged  from  N=6  to  N  =  1 6 
in  the  upper  10  feet,  from  N  =  l6  to  N  =  35  at  a  depth  10  to  25  feet,  and  N  =  60+  below  25 
f  eet. 


A  clay  layer  was  encountered  at  19  feet  in  TH  83-5.  TH  89-6  was  located  on 
the  eastern  edge  of  the  borrow  area. 

8.  DESICJ1  VALUES. 

a.  General. 

The  adopted  design  values  are  based  on  the  results  of  laboratory  and  field 
tests.  Tne  selected  design  values  for  the  groin  foundation  and  the  fill  are 
presented  in  table  9  and  the  basis  for  the  selection  follows. 

TABLE  1) 

Fill  AND  FOUNDATION,  SUMMARY  OF  DESIGN  VALUES 


E 1 eva  1 1  on 

Unit  Weight 

C 

Kw 

Kp 

Sat 

Depth  (Ft. 1 

(Pcf) 

Degree 

(Psf  1 

'Pcf' 

p- 

Fill 

+15  to  -1 

125 

30 

0 

UP 

Foundation 

Gravelly  sand 

-1  to  -21 

no 

27 

a 

Silt  and  elav 

-21  to  -96 

120 

0 

tar 

Silty  sand 

-36  to  -67 

125 

b.  Fill  Materials 


A  saturated  unit  weight  of  0  sat=l2S  pcf  and  a  shear  strength  of  0=30°  were 
selected  for  the  fill  material.  The  design  values  were  based  on  the  material 
characteristics  in  the  borrow  area  and  the  method  of  placement  for  the  materials. 

c.  Foundation  Materials. 

From  an  elevation  of  -1  to  -21,  a  saturated  unit  weitfit  of  sat=110  pcf  and  a 
shear  strength  of  $=27°  were  selected  for  the  gravelly  sand  layer.  The  design 
values  vrere  based  on  the  SPT  results  and  gradation  of  the  materials. 

From  an  elevation  of  -21  to  -36,  a  saturated  unit  weight  of  3^sat=120  pcr  and  a 

shear  strength  of  c=500  psf  were  selected  for  the  clay  layer.  The  unit  weight  was 
based  on  the  average  of  the  in-situ  density  tests  and  the  shear  strength  was  based 
on  the  average  of  the  uneonfined  compression  test  results. 

From  an  elevation  of  -36  and  below,  a  saturated  unit  weight  of  ^  satr125  pcf  and 
a  shear  strength  of  fl* -35°  were  selected  for  the  siltv  sand.  The  unit  weight  was 
based  on  the  average  of  the  in-situ  density  tests  and  the  shear  strength  wa3  based 
on  the  SPT  results. 

9.  DESIOi  AND  CONSTRUCTION  CONSIDERATIONS . 

The  following  items  should  be  considered  during  the  design  and  construction  of 
the  Buhne  Point  groin,  stone  breakwater  and  fill.  (1)  A  filter  system  will  have  to 

be  designed  for  the  groin  to  prevent  the  migration  of  material  through  the  groin, 

(2)  a  filter  system  will  have  to  be  designed  to  prevent  the  migration  of  material 
through  the  stone  breakwater,  (3)  to  prevent  the  erosion  of  fill  by  waves  and  to 
contain  the  dredged  materials  during  placement  the  stone  breakwater  should  be 
constructed  before  placement  of  the  till,  and  (4)  for  estimating  purposes  the  total 
settlement  for  the  groin  foundation  is  estimated  to  be  less  than  6  inches. 
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